S’ 

f~  s 


DEVELOPMENT  OF  SILICONE  RUBBERS  FOR  USE 
AT  TEMPERATURES  DOWN  TO-IOO’F. 


O.  $.  GOVERNMENT  CONTRACT  DA-44-109-QM-64 


PROGRESS  REPORT 

FOR  THE  PERIOD 

JUNE  5,  1952  to  OCTOBER  6, 1952 
REPORT  No.  13 


« 


CONNECTICUT  HARD  RUBBER  COMPANY 

NEW  HAVEN,  CONNECTICUT 


WE  CONNECTICUT  HARD  RUBBER  COMPANY,  NEW  HAVEN,  CONNECTICUT 


DEVELOPMENT  OF  SILICONE  RUBBERS 
FOR  USE  AT  TEMPERATURES  DOWN  TO  -100°F. 


U.  S.  GOVERNMENT  CONTRACT  DA-Uli-109-QM-6U 


Progress  Report  for  the  Feriod 
June  1952  to  October  6,  1952 


March  13,  1953 


TABLE  OF  CONTENTS 


Page  No. 


List  of  Tables vi 

Assignment  • ^ 

Summary  . . xi 

Recommendations  ..................  xvii 

Introduction  1 

Program  3 

I.  Reinforcement  of  Silioone  Rubber  . 5 

A.  New  Pigments  in  General  Electric  SE-76  Gum  • 

1.  Celite  Pigments  5> 

2.  Celite  Pigments  as  Diluents  for 

Santocel  C 5 

3.  Aluminum  Oxide  Aerogel  $ 

h.  Monsanto  Silica  Pigments  . . 6 

5.  Burgess  Iceberg  Pigment  7 

B.  Treatment  and  Variation  of  Silicone  Folymer.  7 

1.  Heating  SE-76  polymer  8 

2.  SE-76  of  Varying  Molecular  Weight, 

Cured  with  Peroxide  ...  9 

4 Note  on  Molecular  Weight  of 

Silicone  Polymers  ...  9a 

C.  Press  Curing  Studies  10 

1.  Press  Curing  SE-U50  Stock  10 

2.  Press  Curing  a Titanox  Stock 11 


ii 


'Mini i 1 rir  '■  


f 


TABLE  OF  CONTENTS  (Cont.) 


4 


% 


Page  No. 

D#  Pigment  Preheating  Studies  • T± 

1.  Preheating  Micronex  Carbon  .......  11 


2.  Preheating  Fine  Titanium  Dioxide  «...  12 


II.  Reinforcement  of  Silicone  Rubber  with  GS199S 

Silica 3i* 

A.  Control  Compounding  and  Oven  Curing  Data  . . lit 

1.  Press  Curing  Data  15 

2.  Oven  Curing  Data 1$ 

3.  Varying  Molecular  Weight  Gum 17 

B.  Special  Tyoes  of  GS  Silica 20 

C.  Treatment  of  OS199S  Silica 2h 

D.  High  Temperature  Compounding  and  Curing  of  GS 

Silica  Stocks . 25 

1.  Remilling  GS199S  Silica  Stocks  26 


2.  Curing  Techniques  with  GS  Silica  Stocks  . 28 

3.  Plasticizing  GS199S  Silica  Stocks  ...  31 

III. Mechanism  of  Peroxide  Vulcanization  of 


Hexamethyl  disiloxane  35 

A.  Statement  of  the  Problem 35 

B.  Results 35 

C.  Introduction 36 

D.  Introduction  to  Experimental  Part 36 

E.  Method 36 


iii 


arA- 


TadLE  Of  CCK TENTS  (Cent. ) 


Page  No. 


III.Mechanlsm  of  Peroxide  Vulcanisation  of 
Hexamethyl  dislloxane  (Cont.) 

F*  Experimental  Part  39 

1.  Materials  Used  • -...•••••••••  39 

2.  Determination  of  the  products  of 

peroxide  decomposition  .........  39 

a.  Description  of  reaction  procedure  • . 39 

b.  Isolation  of  free  p-chlorobenzoic 

acid  • •••..  • «•••-••••.  1+0 

o.  Determination  of  total  chlorine 

content  in  the  reaction  mixture  ..  • , Ul 

d.  Hydrolysis  of  benzoate  groups  bound 

to  siloxane  chain  to  yield 
p-chlorobenzoic  acid  ......  . . Ul 

e.  Isolation  of  polymeric  fractions 

from  reaction  mixture U2 

3.  Analysis  of  experimental  results  ....  l\2 

Q.  Discussion U6 

H.  Conclusions  . b7 

I.  Bibliography  ................  k9 

17.  Mechanism  of  Vulcanization  of  Silicone  Rubber  • • 50 

A.  Statement  of  the  Problem 50 

B.  Results  50 

C.  Introduction  ••.•••.. 5l 

D.  Experimental  Part  51 

1.  Determination  of  a calibration  curve 

for  benzoic  acid.  •••••.••.•••  52 

iv 


w»  mm  we* 


t 


TABLE  OF  CONTENTS  (Continued) 


FageNo. 


% IV.  Mcchpnism  of  Vulcanization  of  Silicone 

Rubber  - (Continued) 

D.  Experimental  Part 5>1 

2.  Extermination  of  the  acidity  extracted 

from  Santocel  C 52 

3.  Extraction  of  benzoyl  peroxide  and 
benzoic  acid  from  silicone  rubber 
slabs  having  varying  amounts  of 
benzoyl  peroxide  and  varying  press 

cures 53 

E.  Discussion 53 


* 


Personnel  Page 


57 


LIST  OF  TABLES 


Table  Page  No. 

I*  Reinforcement  of  Silicone  Rubber 

I-A-l  Evaluation  of  Celite  Pigments  Ua 

I-A-2  Celite  Pigments  as  Diluents  for  Santocel  C . . . . Ua 

I-A-3  Evaluation  of  Alumina  Aerogel  Pigment  .......  6a 

I-A-U  Evaluation  of  Monsanto  Silica  Pigments  .•••••  6a 

I-A-5  Evaluation  of  Burgess  Iceberg  Pigment 6a 

at  Varying  Cures 

I-B-l  Pretreated  SE-76  (11317-5)  and  Santocel  C * • . • . 7a 

I-B-2  Pretreated  SE-76  (11317-5)  and  QS199S  Silica  ...  8a 

I-B-2a  xStaudingBr-  Equation  Constants  from  Floryf s Data  • 5b 

I-B-2b  Average  Molecular  Weights  from  Viscometric  Data  . . 9b 

I-B-3  Various  Batches  of  SE-76  and  Santocel  C 9a 

I-C-l  Low  Temperature  Press  Curing  SE-li50  Stock 10a 

I-C-2  Low  Temperature  Pr'ss  Curing  10b 

Titanox  RANC  stock  (UO  Vols.) 

I-D-l  Preheating  Micronex  Carbon  W-6  in  SE-76  11a 

I- D-2  Preheating  Fine  Titanium  Dioxide  Batches  12a 

II.  Reinforcement  of  Silicone  Rubber  with  GS1993  Silica 

II- A-1  Press  Curing  GS  Silica  Compounds ilia 

II-A-2  Oven  Curing  Various  GS  Silica  Compounds li|b 

II-A-3  Oven  Curing  GS  Silica  Compounds  . l£a 

II-A-ii  Fractionated  SE-76  (11317-5)  and  25  Vols.  GS199S  . 17a 

Silica 

II-A-9  Various  Batches  of  SE-76  and  15  Vols.  GS199S  • . . 17b 

Silica 

II-A-6  Various  Batches  of  SE-76  and  25  Vols.  GS1993  . • . 17c 

Silica 


LIST  OF  TABLES  (Cont.) 

Table  Page  No. 

II*  Reinforcement  of  Silicone  Rubber  with  QS199S  Silica 
II-B-1  Compounds  with  Special  GS199S  SillcaB  * * * 19a 

0 

II-B-2  Compounds  with  Uncoated  GS  Silicas  * * * * 21a 

II-B-3  Compounds  with  GS-2399-56  (Large  Particle  Size)  * • * . 22a 

II-C-1  Comoounds  with  Dried  GS  Silica  • •.•••..»•••  23a 

II-C-2  Comoounds  with  GS-199S  Silica  Heated  in  Air  ...•••  23b 

n-C-3  Comoounds  with  GS-199S  Silica  Heated  in  Vacuum  ....  23c 

II-D-1  High  Temperature  Curing  of  GS  Silica  Stocks  .*..*.  2Ua 

II-D-2  Remilling  GS  Silica  Stocks  .........  .....  26a 

II-D-3  Remilling  GS  Silica  Stocks  After  Heating  . . .....  26b 

II-D-U  Special  Techniques  with  GS  Silica  Stocks  .......  27a 

II-D-5  Curing  GS  Silica  Stocks  in  Mold  .......  28a 


II-D-6  Varying  Peroxide  and  Press  Cure  of  GS  Silica  Stocks  . . 29a 

II-D-7  Plasticizing  GS  Silica  Stocks  with  Silicone  Oils  . . . 30a 


II-D-8  Plasticizing  GS  Silica  Stocks  with  G-2  Oil  .......  31a 

II-D-9  Addition  of  Various  Plasticizers  to  25  Vols 31b 

GS  Silica  Stock 


II-D-10  Treating  Cured  GS  Silica  Stocks  with  Plasticizers  . . . 32a 

II-D-11  Acids  ar.d  Free  Radical  Inhibitors  in  GS  Silica  Stock  • 32b 


II- D-12  GS  Silica  Mixed  with  Oth<=r  rigments 33a 

III.  Mechanism  of  Peroxide  Vulcanization 

III- F-1  Distribution  of  Chlorine  in  Partially  Vulcanized 

Hexamethyldisiloxane  , , l|lj 

III-F-2  Molecular  Weight  of  Partially  Vulcanized 

Hexamethyldisiloxane  US 


LIST  CF  TABLES  (Continued) 

Table 

Page  No. 

IV*  Mechanism  of  Vulcanization  of  Silicone 
Rubber 

iv-;, -i 

Benzoic  Acid  Produced  under  Various  Curing 
Conditions  • e • . . ..... 

. 0Ua 

5Ub 

IV-A-2 

Oven  Curing  with  Varying  Press  Cures.  • . . 

. $ho 

LIST  f'F  i’TrURES 

Figure 

After  Page 

II-A-3 

Oven  Cures  of  QS  Silica  Stock 

15a 

II-A-6 

QS  Silica  in  SE-76  of  Varying  Molecular 
Weight 

17c 

IV-/-1 

Eecomposition  of  Benzoyl  Peroxide  vs.  Press 
Cure 

03 

ASSIGNMENT 


Taken  from  Contract  No,  BA-Ui-109-QM-6U  dated  November  28,  19U9« 

1,  Conduct  a series  of  fundamental  studies  on  the  rein- 
forcement of  rubber  by  the  treatment  of  currently  available  rubber 
carbon  blacks  and  other  reinforcing  pigments  to  make  them  compat- 
ible with  silicone-type  polymers. 

2,  The  selection  and  development  of  a catalytic  condens- 
ing como'isition  that  will  work  on  the  pigment-reinforced  system 
referred  to  in  (1)  above. 

3#  Modification  of  the  fundamental  characteristics  of 
the  present  polymer  so  as  to  produce  greater  chain  length  and  the 
modified  cross  linkages  necessary  for  greater  strength. 

Taken  from  Modification  "C”,  dated  October  U,  19!>0 

U,  Pursue  new  developments  on  the  liquefaction  of  silicone 
rubbers  by  the  use  of  anhydrous  acids  and  their  re polymerization 
after  adding  fillers. 

5,  Obtain  improved  polymers  of  silicone,  particularly 
by  the  utilization  of  the  hydrolysis  of  the  alkylchlorosilanes 
with  a combination  of  water  and  alcohols  of  varies  types, 

6,  Study  new  methods  of  cross-linking  to  produce  better 
silicone  polymers. 

7,  Continue  the  study,  development  and  test  of  methods 
to  improve  the  reinforcement  of  silicone  rubber  and  the  polymer 
itself  to  obtain  desired  low- temperature  characteristics. 
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Taken  from  Modification  "E",  dated  September  21,  1951 

8.  Study  extensively  methods  of  silicone  vulcanization, 
including  types  of  vulcanizing  agents.  (Such  methods  as  precondi- 
tioning of  uncured  stodks  boosted  up  the  tensile  strength  and  ul- 
timate elongation.)  Vulcanizing  agents,  other  than  FbOg,  should  be 
investigated. 

9.  Investigation,  in  detail,  surface  effects  of  pigments 
with  particular  emphasis  on  pH  relation  to  physical  properties. 
(Alon,  for  example,  gives  the  best  reinforcement  when  it  is  acidic 
with  a narrow  ranr'e  of  pH  around  5-U  • Other  pigments  should  be 
investigated.) 


10.  Introduce  reactive  groups  at  high  temperatures  in  air 
and  in  presence  of  chemical  oxidizers  such  as  chromates,  perman- 
ganates, etc. 

11.  Follow  any  practical  and  special  applications  which 
show  promise,  growing  out  of  the  contract,  at  least  to  the  noint 
of  proving  whether  they  are  of  value  or  not.  (As  an  example,  one 
of  the  special  anplicatians  doveloned  in  the  present  contract  is 
the  use  of  ammonia-stabilized,  depolyraerized,  flex-resistant 

[ silicone  adhesive  in  diaphragms  for  diffusion  apparatus  for  atomic 

I work.) 
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SUMMARY 


1.  The  following  pi^nents  were  tested  for  reinforcing 
properties  in  General  Electric  SE-76:  Celite  270,  Celite 
Superfloss,  a special  alumina  aerogel  (Monsanto),  Monsanto 
Silica  N,  Syton  SPR  pU35,  Santocel  K233F  and  Burgess  Iceberg 
(calcined  aluminum  silicate).  Of  these  pigments,  Celite  270, 
Celite  Superfloss  and  Burgess  Iceberg  had  moderate  reinforcing 
properties  and  would  be  useful  as  diluents  in  conventional 
silicone  rubber  compounds.  The  others  had  no  outstanding 
properties. 

2.  It  was  demonstrated  that  by  heating  SE-76  silicone 
gum  at  300°  and  U80°F.  that  8 and  17  percent,  respectively, 
of  the  polymer  i3  distilled  off.  This  results  in  slightly 
diminished  tensile,  considerable  loss  in  elongation  and 
corresponding  increase  in  hardness  when  the  residual  rubber 
is  compounded.  It  would  appear  that  in  the  usual  long  oven 
cure  some  of  the  volatile  silicones  are  removed  by  distillation. 

3.  The  defect  of  a variation  in  molecular  weight  of  3ilicone 
rubber  from  approximately  U00,000  to  800,000  when  this  rubber 
is  compounded  with  Santocel  C and  benzoyl  peroxide  appears 

to  be  small.  The  lower  molecular  weight  rubber  is  much  more 
easily  handled  on  the  mill  in  that  it  bands  on  the  rolls 
easier  with  less  tendency  to  fall  apart. 
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h.  With  recipes  containing  benzoyl  peroxide,  carrying  out 
the  press  curing  operation  at  200  or  210°F.  for  10  minutes 
resulted  in  a slight  improvement  in  the  physical  properties 
of  the  recipes  after  oven  curing.  A 10-minute  cure  at  210°F. 
is  the  recommended  press  cure. 

5.  Preheating  a carbon  black,  silicone  rubber  master 
batch  for  16  hours  at  IiOO°F.  before  adding  the  curing  agent 
had  the  result  of  improving  the  physical  tests  when  tertiary 
butyl  perbenzoate  was  used  as  a curing  agent.  The  results 
were  not  high, (tensile  2$0  p.s.i.)  indicating  that  carbon  black 
does  not  reinforce  silicone  rubber  appreciably. 

6.  Similar  preheating  experiments  with  a special  titanium 
dioxide  (Titanox  MP-561-6)  had  no  noticeable  effect.  This 
pigment  had  a moderate  reinforcing  effect. 

7.  An  attempt  was  made  to  secure  high- temperature 
stability  with  Du  Pont  GS199S  Silica-reinforced  compounds 
by  introducing  benxoyl  peroxide  as  an  additional  curing 
agent.  These  compounds  overcured  at  U80°F.  as  usual,  becoming 
brittle.  Compounds  containing  no  benzoyl  peroxide  were 
slightly  more  heat-rc-sistant  than  those  containing  benzoyl 
peroxide. 

8.  There  was  no  improvement  in  the  above  compounds  as  a 
result  of  using  210°F.  as  a press  curing  temperature  instead  of 
higher  temperatures. 
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9.  With  a low-molecular-weight  silicone  rubber,  oven 
curing  at  30O°F.  failed  to  effect  the  optimum  cure  in  96 
hours  when  2$  percent  GS199S  Silica  was  used.  At  iiOO°F., 
the  optimum  cure  was  approximately  6 hours,  and  at  U50°F. 
the  optimum  was  less  than  1 hour.  Good  low-compression-set 
values  were  not  reached  before  2k  hours  st  liOO°F.,  at  which 
time  the  elongation  had  dropped  to  100  percent. 

10.  Experiments  were  conducted  to  study  the  effect  of 
variation  of  molecular  weight  on  the  physical  properties 
obtained  with  GS199S  Silica  as  the  sole  curing  agent. 

There  is  a definite  improvement  in  the  tensile  strength  when 
gum  of  a molecular  weight  above  600,000  is  used.  There  is  not 
much  effect  on  elongation  and  there  is  only  a slight  effect 
on  the  stiffness  or  modulus.  The  large  increase  in  tensile 
occurs  at  the  end  of  the  stress-strain  curve  and  mny  attain 

a value  which  is  double  the  tensile  value  for  gums  of  half 
the  molecular  weight, 

11.  Special  samples  of  GS199S  Silica  with  smaller 
amounts  of  organic  coating  proved  to  have  no  outstanding 
properties.  In  the  absence  of  coating,  only  10  volumes  of 
GS  Silica  could  be  incorporated  in  the  rubber. 

12.  OS199S  Silica,  dried  over  a desiccant,  appeared  to 
have  slightly  increased  reinforcing  action  and  slightly 
improved  high- temperature-curing  resistance. 
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13.  0S199S  Silica  with  the  costing  removed  by  heating 

In  air,  had  very  inferior  reinforcing  and  curing  action. 

When  the  coating  was  removed  by  heating  in  a vacuum,  the 
loss  in  weight  was  only  u percent,  and  the  pigment  lost  no 
curing  activity  and  showed  a slight  improvement  in  resistance 
to  high- temperature  cure.  When  the  OS199S  Silica  concentration 
was  reduced  to  10  percent,  compounds  withstood  curing  at  li80°F. 
for  16  hours.  This  is  a means  of  controlling  curing  activity 
of  the  silica,  but  the  reinforcing  action  was  greatly  reduced, 
especially  in  low-molecular-weight  gum. 

lit.  It  was  found  possible  to  create  resistance  to  high- 
temperature  curing  (2 h hours  at  U00°  + 9 hours  at  U80°F.) 
by  remilling  or  freshening  the  mixed  batches  three  times  on 
successive  days.  By  this  means,  one  25-volume  compound  was 
produced  which  had  the  following  properties i 

, Tensile  800,  Elongation  375,  Hardness  75 
This  was  obtained  with  a low-molecular-weight  gum.  The 
addition  of  a preheating  step  to  the  remilling  operation 
had  no  beneficial  effect, 

15.  Special  Dress  curing  techniques  suoh  as  removing  the 
slab  from  the  mold  while  hot  had  no  beneficial  effect  on  the 
high- temperature -curing  properties.  • Confining  the  OS199S 
Silica  compound  in  a mold  during  oven  curing  had  no  beneficial 
effect.  In  the  case  of  a benzoyl  peroxide  recipe,  curing  in  a 
mold  in  the  oven  depolymerized  the  stock. 
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16.  Silicone  oil,  glycerol-stabilised,  depolymsrized 
silicone  gum  and  seven  comercial  plasticisers,  of  which 
tricresyl  phosphate  is  an  example,  had  no  beneficial 
effect  on  high- temperature  resistance. 

17.  Soaking  cured  slabs  in  a benzene  solution  of  silicone 
oils  or  silicone  gum  did  not  serve  to  plasticise  brittle 
oven-cured  slabs. 

18.  Free  radical  inhibitors  suoh  as  sodium  nitrite, 
quinoline,  sulfur,  diphenyl  amine,  and  stearic  and  benzoic 
acids  in  one  percent  quantities  did  not  improve  brittleness 
caused  by  high-temperature  curing. 

19.  Mixtures  of  GS199S  Silica  with  Santocel  C and  with 
Alon  did  not  result  in  s tocks  which  were  free  from  brittleness 
when  cured  at  high  tempera tures. 

20.  A study  of  the  polymerization  or  vulcanization  of 
hexamethyldlsiloxane  by  heating  with  chlorobenzoyl  peroxide 
indicated  that  28  percent  of  the  peroxide  was  transformed 
into  chlorobenzoio  acid  with  the  formation  of  polymerio 
molecules.  The  balance  of  the  peroxide  appears  to  substitute 
on  the  methyl  side  chains  partly  as  phenyl  and  partly  as 
benzoyl  groups.  Only  16  percent  of  tho  hexamethyldlsiloxane 
was  polymerized. 

21.  Oireot  analysis  of  cured  slabs  of  silicone  rubber 
showed  only  U to  10  percent  of  the  benzqyl  peroxide  ending  up 
in  the  form  of  benzoic  acid.  Over  7S>  percent  of  the  benzoyl 
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peroxide  is  decomposed  with  a 5-minute  rise  to  212°  plus 
10  minutes  at  212°F.,  or  with  a 10-minute  rise  to  230° 
plus  5 minutes  at  230°F.  There  would  appear  to  be  no 
reason  for  press  cures  longer  than  those  indicated  above, 
nor  for  benzoyl  peroxide  concentrations  higher  than  2 
percent  (unless  bne  is  dealing  with  very  low-molecular- 
weight  silicone,  such  as  an  oil). 
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R£ccesf3Kr&nct?s 


1.  It  is  recommended  that  the  Government  continue  to 
encourage  and  support  investigations  concerned  with  the  reinforce- 
ment of  silicone  rubber,  with  particular  emphasis  on  further 
evaluation  of  DuPont  GS  Silioa. 

2*  Since  the  subject  contract  is  completed,  it  is  recom- 
mended that  the  Company  continue  studies  of  pigment-reinforcement 
and  vulcanization  of  silicono  rubber  because  it  is  probable  that 
further  research  will  eventually  result  in  further  improvements 
in  silicone  compounds  with  respect  to  strength  and  rubberiness* 

Suoh  improvements  will  bring  with  them  improved  tear  and  abrasion- 
resistance,  and  these,  together  with  the  well-known  heat  and 
cold-resistance  of  the  polymer,  will  make  the  silicones  soveralfold 
more  useful  in  the  future. 


INTRODUCTION 


1. 


The  testing  of  new  pigments  for  silicon  rubber  has  been  con- 
tinued in  this  period.  No  new  outstanding  pigments  were  uncovered 
Airing  the  oeriod  covered  by  this  report. 

Further  study  of  the  effect  of  the  temperature  of  press  curing 
has  been  made.  Since  primary  cross  linking  occurs  in  this  short  inter- 
val, the  temperature  and  time  of  press  curing  are  important  variables 
which  should  be  carefully  controlled. 

The  behavior  of  SE-76  polymer  upon  heating  has  been  studied  to 
see  if  low-molecular-weight  products  cause  low  tensile  strength  in 
GS199S  Silica  recipes.  The  effect  of  the  molecular  weight  of  the 
polymer  on  the  physical  properties  obtained  with  Santocel-C  reinforced 
or  GS1-99S  Silica  reinforced  stocks  has  been  studied. 

Since  a major  problem  in  the  use  of  OS199S  Silica  has  been 
a lack  of  stability  at  3O04i80°F.,  many  attempts  have  been  made,  reported 
herein,  to  find  a combination  which  would  withstand  high- temperature 
curing  and  string.  Variation  in  press  curing  time  and  temperature, 
variation  in  oven  curing  time  and  temperature,  preheating  the  gum, 
preheating  the  pigment,  remilling  the  mixed  comoound,  plasticizing  the 
compound,  reduction  of  the  degree  of  coating  on  the  pigment,  curing 
in  a mold  instead  of  in  an  oven,  and  other  variations  of  procedure  have 
been  tried  in  an  attempt  to  achieve  high- temperature  stability.  All 
of  these  studies  are  reported  in  this  report  (No.  13). 

Further  studies  of  the  mechanism  of  vulcanization  by  per- 
oxides have  been  conducted.  It  is  apparent  that  the  primary  reaction 
is  a simple  metathesis  occurring  between  a dissolved  benzoyl  1 


2. 


peroxide  molecule  and  taro  adjacent  methyl  side  chains  t 

% 

2 ~$*-CH3  + (C6H$COO)2  4 rSi-CH2-CH2-Si;  + 2 CgH^COOH 

Side  reactions  occur  in  which  benzoyl  or  phenyl  groups  replace  hydrogen* 
Substitutions,  or  other  side  reactions,  occur  to  a greater  extent  as 
the  benzoyl  peroxide  concentration  is  increased,  thus  decreasing  the 
efficiency  of  the  curing  agent. 

Special  attention  is  called  to  the  rate  of  cure  studies  of 
GS199S-cured  recipes  in  Figure  II-A-3.  It  was  found  that  the  low- 
molecular  weight  gum  Batch  11317  could  be  cured  practically  indef- 
initely in  an  oven  at  300°  F.  (up  to  90  hours)  without  the  develop- 
ment of  excessive  stiffness  or  brittleness.  At  U00°  F.,  however, 
equivalent  results  are  obtained  only  with  a very  short  cure  in  the 
oven  (four  to  ten  hours)  because  beyond  this  period  an  excessive 
cross  linking  action  occurs  resulting  in  very  stiff,  low-elongation 
compounds.  As  noted  elsewhere  in  this  report,  at  U80°  F.  the 
stiffening  or  embrittling  reaction  is  much  more  rapid. 

The  final  date  of  the  contract  was  October  6,  19^2,  Exper- 
imental work  was  continued  up  to  and  even  beyond  this  date  in  an  effort 
to  seek  some  elusive  answers,  especially  with  reference  to  high- 
temperature  curing  with  CS  1993  Silica.  This  and  the  Final  Summary 
Report  are  therefore  being  written  after  the  termination  of  the  contract* 


PROGRAM 
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This  contract  has  extended  over  a period  of  three  years,  and 
the  detailed  experimental  program  has  changed  (with  the  approval  of 
Dr*  Juan  Montermoso  and  others  of  the  Office  of  the  Quartermaster 
General)  several  times  as  the  work  has  progressed*  The  most  recent 
program  has  been  as  follows: 

1,  Continue  compounding  experiments  with  new  pigments  as 
reinforcing  agents  for  SE-76  rubber* 

2,  Heat  SE-76  polymer  and  determine  if  improved  reinforcement 
is  obtained* 

3*  Determine  molecular  weights  of  all  samples  of  SE-76  and 
compare  the  tensiles  obtainable  with  GS1993  Silica  with 
the  molecular  weight  of  the  polymer* 

U*  Make  a further  study  of  the  effect  of  press  curing  temperature 
on  the  physical  properties  obtained  when  curing  with 
benzoyl  peroxide. 

5*  Try  the  "preheating"  technique  with  Micronex  and 
finely  divided  Titanium  Dioxides  to  see  if  improved 
curing  cher-cteristics  will  result. 

6,  Vary  the  press  curing  temperature  and  oven  curing  time 
and  temperature  to  see  if  there  is  some  s* t of  conditions 
which  will  give  improved  high-temperature  resistance  to 
GS19SS  Silica  compounds  in  SE-76  rubber. 

7.  Test  GS  Silica  samples  with  varying  decrees  of  coating* 
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8*  Heat  GS199S  Silica  to  remove  or  destroy  the  coating 
and  evaluate  the  heated  piements. 

9a  Study  the  effect  of  remilling  GS199S  Silica  compounds 
to  see  if  high- temperature  curing  results  are  improved. 

10.  Study  the  plasticizing  action  of  several  plasticizers  in 
GS199S  Silica  compounds  to  see  if  high-temperature  curing 
properties  are  improved. 

11.  Vulcanize  hexamethyldisiloxane  with  p-chlorobenzoyl 
peroxide.  Isolate  fractions  of  Increased  molecular 
weight.  Analyze  products  to  find  disposition  Of  the 
p-chlorobenzoyl  peroxide. 

12.  Measure  the  rate  of  decomposition  of  benzoyl  peroxide 
during  press  curing  and  the  rate  of  appearance  of  benzoic 
acid. 

13.  Write  Quarterly  Report  No.  13. 


TABLE  I-A-l 


Evaluation  of  Celite  Pigments 


Compound 

No. 

'tSfv 

Pigmant 

Vol,?  of 
Pigment 

Tensile 
Strength 
p.s, X. 

Elongation 

Percent 

Hardness 
Shore  A 

St  • @ 
200? 

St  • © 

loo? 

2325 

Celito  270 
(fine ) 

15 

272 

150 

32 

• ■ in  •«. 

2325-1 

25 

197 

162 

U7 

- mm 

2325-2 

10 

532 

100 

62 

— 

— 

2307 

Celite 

•Superfloss 

15 

229 

250 

28 

160 

— 

2307-1 

25 

327 

283 

39 

225 

_ _ _u 

2307-2 

hO 

U17 

162 

60 

— 

— 

TABLE  I- 

-A-2 

Celite  Pigments  as  Diluents  for  Santocel  C 

Compound 

No. 

Pigment 

V0I.J6  of 
Pigment 

Tensile 

Strength 

jo^s-i. 

Elongation 
Percen  t 

Hardiness 
Shore  A 

St  1 0 
200? 

St. 55 

loo? 

2309 

Santocel 
(C  >ntrol) 

15 

818 

275 

13 

500 

2309-1 

Plus  20% 

Colite 

Superfloss 

15 

807 

262 

50 

55o 

— 

2309-2 

Plus  uOt 

Celite 

Superfloss 

15 

601* 

200 

51 

60I4 

— 

2309-3 

Plus  20? 
Celite  270 

15 

636 

200 

1*8 

600 

— 

2309-1 

Plus  h0% 
Celite  270 

15 

539 

212 

c3 

515 

Footnotoss 


(1)  General  Electric  SE-76  silicone 
as  curing  agent. 

(P)  Press  Cure  15  minutes  at  23C^F, 
(3)  Oven  Cure  1 hour  at  300°F, 


gum  used,  vrith  2 . 0 % benzoyl  peroxide 


i 
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I.  RE  INF  ORCE.  JCN?  07  SILICONS  RUBBER. 

A.  New  Pigments  In  General  Electric  SS-?6  Gun. 

1.  Evaluation  o*  Cell to  Pigments. 

Celite  270  is  a special  fin 3 grind  of  diatomaceous  earth  pir- 
r.ent  supplied  by  the  Johns-?ianville  Conpany.  Its  properties  in 
compounding  at  various  loadings  are  given  in  Table  I-..-1.-1  and  are 
compared  with  Oolite  Superfloss  which  ha 3 b^en  evaluated  earlier. 
Reinforcement  is  greater  with  tne  270  at  similar  volume  loadings, 
and  tills  pigment  resembles  Santocel  C in  producing  a 'nigher  tensile, 
lcvxer  elongation  and  harder  stock.  Its  price  of  $.06  per  pound 
is  considerably  less  than  that  of  Santocel  C.  It  does  not  have 
outstanding  reinforcing  properties,  but  could  be  used  as  an  extender 
or  diluent.  It  is  raid  to  be  far  better  than  SnntocsJ  0 for 
water  resistance  of  its  silicone  compounds. 

2.  Celite  Pigments  as  Diluents  for  Santocel  C. 

Superfloss  is  recommended  as  an  additive  to  incroasa  the 

duronetcr  of  General  Electric  3E-'i50  stock.  This  is  a Santocel.  C 
stock,  sc  it  was  nC  interest  to  compare  the  diluting  effects  of 
Celite  Superfloss  and  the  new  270.  Data  given  in  Table  1-1-2 
indicate  that  addition  of  Celite  270  or  .juperflcss  t . a 15  volitme 
Santoc°l  C compound  can  be  made  satisfactorily  .p  to  UO  per  cent 
by  weight  with  a dur^meter  increase  of  only  10  points.  Thi.3  fine 
grind  ^iatoraceous  earth  is  practically  as  good  a diluent  as  the 
standard  Superfloss,  which  is  the  standard  pigment  for  this  p-irpose, 

3.  Aluminum  Oxide  Aerogel. 

, — - ■ . mm  .. 

The  Monsanto  Chemical  Company  supplied  us  with  a small  sample 
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of  experimental  alumina  aerogel  for  evaluation*  This  alumina 
aerogel  was  similar  in  appearance  and  structure  te  the  silica 
aerogel  "Aorosil"  which  was  tested  earlier  and  was  presumably 
made  from  an  aluminum  hydroxide  gel  by  the  Kistler  process.  It 
was  a nearly  pure  alumina  of  low  density  and  very  high  porosity, 
so  that  it  would  break  up  easily  on  the  mill  to  produce  finely- 

„ ' a 

divided,  porous  material.  It  differs  from  the  finely-divided 
alumina  Alon  in  that  Alon  consists  cf  fine,  non-porous  particles. 

A comparison  of  this  alumina  aerogel  with  Alon  is  shown  in 
Table  I-A-3.  Both  compounds  were  preheated  1 hour  at  300°r. 
before  addition  of  peroxide  and  curing  in  accordance  with  our 
previous  experience.  During  the  preheating,  the  alumina  aerogel 
compound  lost  5 .5  per  cent  and  the  Alon  5.3  per  cent  in  weight, 
indicating  equivalent  evaporation  of  low  molecular  -/eight  polymer. 
The  alumina  aerogel  batch  cured  satisfactorily,  but  gave  a hardness 
of  only  30  v/ith  a tensile  strength  of  186  p.s.i.  Since  this  pig- 
ment is  highly  porous,  one  would  expect  greater  absorption  of 
polymer  with  a higher  hardness,  similar  to  Santocel.  However, 
t.iis  was  not  the  cas",  and  it  is  probable  that  the  al  rniina  was  net 
reduced  to  a sufficiently  small  particle  3izo  on  the  mill.  In 
view  of  the  excellent  reinforcinr  properties  cf  Alon,  it  would  be 
of  interest  to  do  further  work  with  porous  alitmina  of  this  type 
when  it  is  available. 

U.  :k>n canto  Silica  Pigments. 

Table  - I-A-h  gives  data  on  four  experimental  silica  pigments 
supplied  by  the  Monsanto  Chemical  Company  during  tale  period* 


5a  TABLE  I-A-3 

Evaluation  of  Alumina  Aerogel  Pigment 
Tensile  • 

Compd.  V0I.5&  of  Strength  Elongation  Hardness  St, 6 St»<3 


No, 

Pigment 

Pigment 

p.s si* 

Percent 

Shore  A 

200% 

Uoog 

2273 

Alur&na 

Aerogel 

15 

186 

788 

33 

87 

12U 

227k 

Alon  0^2 
(Control) 

15 

• 

3514 

700 

U2 

16C 

265 

Footnotes* 

(1)  Oen.Elec.  SE-76  silicone  gum  used,  with  3.0?  benzoyl  peroxide  as  curing  agent 

(2)  Press  ctxre  15  minutes  at  230°F. 

(3)  Oven  cure  1 hour  at  300 °F. 

(U)  Batches  preheated  1 hour  at  300°F,  before  addition  of  peroxide  and  curing, 

(5)  Weight  loss  of  2273  during  preheat  =5.5  per  cent, 

i*  n u 227U  w " = 5,3  " " 

TABLE  I-A-U 

Evaluation  of  Monsanto  Silica  Pigments 

Tensile 


Compd. 

No. 

Pigment 

Vol.£ 

Strength  Elong.  Hard.  St.@ 

Oven  Cure  p.s.i.  Percent  Shore  A 200 t 

St.® 

2375 

Silica  N 

10 

1 

2li 

hr.  @ 300°F. 
hrs.  © U00°F. 

56 

70o 

No  Cure 

7 

■ — ^ 

2375-1 

20 

1 

2U 

hr.  @ 300 °F, 
hrs.  © U00°F. 

No  Cure 
No  Cure 

2376 

Syton  SPR 
5U53 

10 

1 

2k 

hr.  © 300^. 
hrs.  © LfOO°F, 

Ul 

750 

No  Cure 

k 

2376-1 

20 

1 

2k 

hr.  @ 300°F. 
hrs.  © 400°F, 

53 

763 

No  Cure 

11  

— 

2U21 

Santocel 

K233F 

20 

1 

hr.  @ 30C.°F, 

6h 

100 

38  — 

— 

2U22 

i-r-3 

20 

1 

hr.  © 300 r’F . 

83 

300 

23 

— 

Footnotes: 

(1)  Gen.Elcc,  SE-76  3iliccae  gun  used,  with  2,C%  benzoyl  peroxide  as  curing  agent 

(2)  Press  cure  of  15  minutes  at  230°F.j  oven  cure  as  indicated, 

TALI  5 I -A -5 

Evaluation  of  Burgess  Iceberg  Pigment  at  Varying  Cures 


Tensile 


Compd. 

*7t.<  Strength  Elong. 

Hard. 

St,?  St. 3 

No. 

Pi. 'rent 

Pigment  Oven  Cure  p.s.i. 

Percent 

Shore  \ 

200%  kQC% 

2352  (A) 

Iceberg 

6 C 3 hrs.  6 3C0°F,  398 

213 

39 

i.nii^w  ■ 1 

392  

(B) 

16  nrs.  © U00°F.  389 

ISO 

U2 

(c) 

16  hrs.  § UX'F.  k?B 

113 

57 

|-T  — [•  - 

+ 16  hrs.  ~ u803F. 

Footnotes* 

(1)  Oen.Elec.  3E— 76  gum  used,  with  2*0%  benzoyl  peroxide  as  curing  agent. 

(2)  Press  euro  15  minutes  at  230cF.j  over,  euro  as  indicated* 
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Properties  and  composition  of  these  silicas  were  not  available* 
however,  a few  tests  were  made  on  then  to  show  that  they  are  very 
fine  ncn-poroua  silicas  without  organic  coating  material  on  their 
surface* 

Silica  M showed  cure -inhibiting  properties  at  10  volumes,  and 
no  cure  was  obtained  at  20  volumes  at  either  300°  or  UOO°F.  curing. 
Syton  SPR  shows  similar  cure -inhibiting  properties  which  are  nore 
pronounced  at  U00°F,  It  is  probable  that  these  silicas  are  too 
acidic  and,  therefore,  exert  a depolymerizing  action  on  the  polymer, 
in  addition  to  catalysing  the  decomposition  of  peroxide.  The 
very  low  durometers  obtained  indicate  also  that  their  particle 
size  is  not  sufficiently  small  for  reinforcing  properties. 

Silica  K-233F  is  of  the  Santocel  type,  but  does  not  show  an 
appreciable  degree  of  reinforcement.  The  same  is  true  of  sample 
I-P-3. 

5.  Burgess  Iceberg  Pigment. 

Burgess  Iceberg  pigment,  a calcined  alundnum  silicate,  was 
previously  found  to  show  moderate  reinforcement  with  CIS-76  at 
high  vol’ine  loadings.  There  was  indication  that  this  pigment  might 
have  good  high  temperature  properties,  and  additional  tests  were 
made  to  check  this.  Data  in  Table  I-A-5  show  that  the  duromater 
of  a typical  stock  increased  18  points  upon  curing  at  li80°F., 
indicating  that  this  pigment  does  not  impart  the  expected  high 
temperature  stability. 

8.  Treatment  and  Variation  of  Silicone  Former. 


In  our  previous  quarterly  report  it  was  noted  that  different 


N-  I I I ! 

(Nil  II 

(Dll  I I 


*»  O ^ (Aar  ^ t < 

*3  © Q oe  <*\  Si 

10  CJ  a Sj  <*>  < 


V\  O Us 

CM  U"\  CM 

4^'"^ 


•H  C • 
non 
a u » 


os  t—ec 


ill 

"an 


• n » m 


II ! 
8 . 8 
£ 2 


<nu  m 


o 


8. 


lots  of  SE-76  as  received  from  the  General  Electric  Company 
appeared  to  be  of  varying  viscosities.  We  found  by  actual 
viscosity  measure  and  molecular  weight  determination  that  this 
was  the  da3e,  and  that  average  molecular  weights  of  the  different 
batches  of  gum  varied  from  1*00,000  to  800,000.  The  batches 
produced  more  recently  have  the  lower  molecular  weights. 

In  checking  the  effect  of  njolecular  weight  on  physical 
properties  of  typical  stocks,  we  determined  also  the  stability 
of  each  to  high  temperature  curing.  In  addition,  the  presently 
' . available  polymer  was  heat-treated  before  compounding. 

1.  Heating  SE-76  Polymer. 

One  of  the  objectives  in  our  compounding  program  is  to 
improve  the  high  temperature  stability  of  silicone  rubber  stocks. 
7e  know  that  extensive  curing  at  1*00°F.  or  higher  stiffens  the 
compounds,  and  that  some  recipes  are  more  susceptible  to  change 
than  others.  This  is  especially  true  of  the  GS  Silica  compounds, 
which  become  brittle  at  1*00 °F.  or  higher. 

It  is  possible  that  this  effect  is  due  to  volatilization  of 
the  low  molecular  weight  fraction  from  tee  polymer.  In  order  to 
check  this  idea  , standard  recipes  were  cured  with  SE-76  which  had 
been  preheated  to  remove  this  fraction  of  the  polymer  first. 

Table  I-B-l  shows  that  heating  the  new  lower  molecular  weight 
SE-76  (Batch  11317)  (molecular  weight  approximately  1*30,000)  at 
300ftF,  results  in  a loss  of  8.5  percent  of  volatile  material,  while 
the  loss  is  17.5  percent  at  1*80°F.  Stocks  made  with  Santocel  C 
and  a standard  benzoyl  peroxide  cure,  using  the  SE-76  as  received 
showed  a greater  change  in  elongation  modulus  and  hardness  between 
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the  1 hour  at  300°F.  and  the  16  or  21*  hours  at  ijOOeF.  cures  than 

• the  comparable  stocks  made  with  gum  that  had  been  preheated  at 
300®F.  or  U80°F.  Better  elongation  aid  tensile  and  lower  hardness 
are  obtained  with  the  original  unheated  gum  but  better  stability  is 
obtained  with  the  heated  gum.  This  indicates  that  the  fraction  of 
the  polymer  responsible  for  poor  heat  stability  of  conventional 
compounds  may  be  removed  by  heating,  and  that  it  constitutes  ffccm 

8 to  17  percent  of  the  entire  polymer. 

Table  I-B-2  is  a similsr  experiment,  using  GS199S  Silica  as 
the  reinforcing  pigment  and  curing  agent.  It  is  evident  here  with 
compound  numbers  2229  and  226U  that  the  SE-76  preheated  at  300°F.  to 
8 percent  weight  loss  is  no  more  stable  in  the  300°F*  curing  range 
than  the  original  polymer.  Numbers  2269-2  and  229U,  which  were  taken 
up  to  U80°F.,  show  definitely  that  this  treatment  will  not  prevent 

• brittleness  of  GS  Silica  stocks  in  this  range.  There  is  great 
instability  due  to  the  pigment  itself  when  cures  are  carried  out 
at  UOO°F.  or  1*90° F. 

2,  SE-76  of  Varying  Molecular  Weight  Cured  with  Peroxide. 

Because  of  the  difference  between  various  batches  of  SE-76 
siloxane  polymer,  it  was  of  interest  to  determine  whether  their 
average  molecular  weight  varied  greatly.  This  was  done  in  a separate 
series  of  experiments,  described  ir.  the  note  below: 

(a)  Note  on  Molecular  Weight  of  Silicone  Polymers 

Molecular  weights  of  the  various  batches  of  SE-76  polymer 
were  determined  from  viscosity  data  of  dilute  solutions  using  the 
method  used  by  Flory  et  al  (-  ). 

• Dilute  solutions  of  each  polymer  were  made  at  several 
(1)  Flory,P.J.  et  al  J.iun.Chem.Soc.,  7h,  336U  (1952) 
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concentrations  in  methyl  ethyl  ketone.  Their  viscosity  was 
determined  at  26°C.,  using  a standard  Ostvald  viscometer,  and  • 
values  for  MEK,  26°C  were  determined  for  infinite  dilution 

ty  extrapolation* 

These  data  were  then  applied  to  the  Staudinger  equation* 

L 'l)  * KM*  (1) 

where  M is  the  molecular  weight,  and  K and  a are  constants  for  a 
given  polymer  - solvent  system  at  one  temperature. 

In  order  to  find  the  values  of  these  constants,  the  data 
of  Flory  et  al  (1)  wore  used.  Flory  determined  the  limiting 
viscosity, j ] MEK,  values  for  polydimethylsiloxane  fractions 
of  known  osmcmetric  molecular  weights  at  20°  and  30°C.  in 
methyl  ethyl  ketone.  From  a plot  of  eq.(l)  in  the  form* 

l°g(})  s log  K + a log  M ' (2) 

the  constants  K and  a were  determined  for  20°  and  30°C. 

Flory  *s  data  for();MEK  at  20*  and  30 °C.  were  replotted 
using  the  Arbenius  equation* 

C?)  s Ae  • B/r  (3) 

to  obtain  values  ofQI  at  26°C.  for  She  fractions  of  known 
osraometric  molecular  weight.  A third  plot  of  equation  (2)was 
then  made  to  give  conatnnts  K and  a at  26°C.  Values  of  M from 
our  data  at  26°C.  oould  then  either  bo  road  off  the  plot  or 
calculated  with  the  26°  constants. 

Values  for  the  Staudinger  eouation  constants  for 
polydimethyl  siloxane  in  methyl  ethyl  ketone  are  as  follows* 


(1)  Flory,  P.J,  et  al  J.Am.Chan#Soc.  71*,  3361*  (1952) 
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TABLE  I-B-2-a 

Staudinger  Eouation  Constants  from  Florv's  Data 


mp.°  C. 

KxlO3 

log  K 

20° 

0.80 

-3.099 

0.50 

26° 

0,66 

-3.178 

0.52 

30° 

0.55 

-3.255 

o.5U 

The  average  molecular  weight  of  the  various  batches 
of  SE-76  from  the  limiting  viscosity  at  26°C  are  given  below: 


TABLE  I-B-2-b 

Average  Moleoular  Weights  from  Viscometric  Data 


Batch  No. 


f 7 2 MEK  26°  C 


Molecular  Weight 


81339 

0.820 

91*0,000 

B-59U6 

0.760 

730,000 

8826 

0.750 

710,000 

BX-2600 

0.632 

512,000 

B-7155 

0.615 

1:83,000 

11 317 (as  reed) 

0.58U 

1:33,000 

Fractionate  d sample 
11317(high  fract) 

0.715 

61:3,000 

11317(medium  " ) 

0.568 

1:09,000 

11317  (low  '»  ) 

0.522 

352,000 
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As  r^iven  in  Table  I-B-3,  the  average  molecular  weight  of 
various  batches  of  SE-76  varied  from  1*33,000  to  81*0,000.  Batch 
number  B-59U6,  with  which  most  of  our  work  in  19?1  and  early 
1952  was  carried  out,  had  an  average  molecular  weight  of  730,000 
while  batch  11317  which  was  used  during  the  latter  part  of  195>2 
has  the  lowest  average  molecular  weight  of  1*33,000.  This  is 
about  50  percent  lower  and  is  a deliberate  change  in  the  polymer 
to  impart  better  plasticity  or  workability  to  silicone  compounds. 

There  is  no  great  variation  in  properties  of  a standard  1$ 
volume  Santocel  C stock,  cured  with  benzoyl  peroxide,  as  the 
molecular  weight  of  the  gum  is  changed,  fata  are  given  in 
Table  I-B-3.  Elongation  and  low  hardness  appear  to  be  preserved 
during  high  temperature  cures  in  the  lower  molecular  weight  gum 
to  a better  degree  than  with  the  higher  molecular  weight  gum  as 
shown  also  in  Table  I-B-l  where  higher  molecular  weight  was 
obtained  by  distilling  off  the  volatile  low  molecular  weight 
fractions. 

C.  Press  Curing  Studies 

1.  Press  Curing  SE-U50  Stock 

In  1951  we  reported  the  results  of  a press  and  oven  curing 
study  of  SE-1*$0  stock  (formerly  called  General  Electric  81223 
stock).  At  that  time  it  was  found  that  the  best  tensile  strength 


Low  Temperature  Press  Curing  SS-U50  Stock 
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WM  obtained  with  a press  cure  of  15  minutes  at  230°F.  Furthermore, 

H was  observed  that  lower  cession  set  was  obtained  with  a low 
temperature  press  cure  and  a high  temperature  oven  cure. 

Press  curing  was  recently  extended  to  lower  temperatures,  between 
200°  and  230°F.  to  see  whether  an  optimum  in  properties  would  occur  in 
this  range,  Bata  are  given  in  Table  1-0-1  and  indicate  that  optimum 
compression  set  is  obtained  with  a press  cure  of  200°-210°F.  and  a 1i80°F. 
oven  cure.  The  higher  tensile  strength  of  the  210“  press  cure  would 
indicate  this  to  be  preferable  fro,  an  overall  standpoint. 

2*  -Frea3  Curing  a ntanox 

A similar  series  of  nresa  cures  were  given  to  a volume  Titanox  RANG 
stock.  Data  in  Table  I-C-2  show  that  here,  as  with  SE-itfO,  a 1«*  tempera, 
ture  press  cure  leads  to  lower  compression  set  values.  However,  this 

sensitive  to  variations  in  press  curing  as  is  the  SE-1*50 
compound.  The  improvement  in  compression  set  brought  about  by  low  tempera- 
ture  press  curing  may  be  ascribed  to  reduced  deportation  in  the  press 
caused  by  benzoic  acid  which  has  not  had  a chance  to  volatilize. 

D*  Pliant  Preheating  Studies 

!•  Preheating  Mic.rorev  na.K^ 

xt  i.  well  known  that  carbon  Meeks  generally  inhibit  peroxide  curing 
of  .moon,  rubber  when  present  in  sufficient  smount  tc  exert  c reinfcrcing 
action.  This  effect  is  minimised  with  the  curing  .ge„t  tertiary  butyl 
Porbenscate,  with  which  weak  cures  in  th.  presence  of  carbon  black  mgy  be 
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This  inhibition  of  curing  is  most  probably  due  to  a catalytic 
decomposition  or  adsorption  of  the  peroxide  on  the  highly  active 
surface  of  the  carbon  black.  This  surface,  in  addition  to  ad- 
sorbing polar  organic  molecules,  has  a considerable  amount  of 
chemically  bound  oxygen  in  the  form  of  carbonyl  complexes  which 
may  be  acidic.  These  may  bo  removed  in  part  by  heating  at  elevated 
temperatures  in  the  absence  of  air.  The  preheating  technique 
consists  of  heating  the  milled  pigment  and  gum  before  addition  of 
peroxide  and  curing. 

In  order  to  3ee  whether  a carbon  black  so  treated  would  show 
less  poisoning  effect  on  peroxide,  the  experiments  in  Tabic  1-D-l 
were  made.  Without  preheating  a moderate  degree  of  euro  was 
obtained  with  porbenzoato  (K  * h9)  but  the  reinforcement  was 
poor  (T  = 87).  No  cure  was  obtained  with  peroxide  (H  = 25,  T a 27). 
Using  IJicronex  preheated  16  hours  at  UOO°F.  and  porbenzoato,  a 
better  cure  (H  * 52)  and  a surprising  degree  of  reinforcement  Were 
obtained  (T  = 250).  "ith  neroxide  the  cure  and  reinf orcemcnt  were 
proportionately  higher  after  preheating,  but  still  were  not  ex- 
tensive. It  thus  appears  that  carbon  black  could  be  used  as  a 
reinforcin'  filler  for  silicone  rubber,  if  given  a ore treatment 
w.i.’ch  would  effectively  deactivate  or  deacidify  i.t3  surface. 

It-nzoyl  peroxide  would  still  net  to  as  effective  as  tertiary  butyl 
porbenzoato . 

2.  Pr  ic  a ting  Fine  Titanium  dioxide. 

Sarnies  of  ultra-fine  titanium  dioxide,  obtained  from  the 
National  Lead  Company,  shewed  peroxido  euro- inhibiting  properties 
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similar  to  those  cf  carbon  black.  Preheating  tests  were  made  on 
one  of  the  samples,  MP-£6l-6,  in  an  attempt  to  deactivate  the 
filler  before  addition  of  peroxide  and  cure.  Results  of  a U50CF. 
preheating  are  given  in  Table  I-B-2  end  show  that  this  treatment 
had  a slight  improving  effect  on  the  cures  at  20  to  60  volume 
loading . 
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II.  REINFORCEMENT  OF  SILICONE  RUBBER  WITH  GS1995  SILICA.  $ 

A.  Control  Compounding'  and  Oron  Curing  Data 

A considerable  amount  of  attention  hare  been  focused  on  com- 
pounding with  DuPont  GS199S  Silica  because  of  its  unusual  pro- 
perties and  promise  for  the  reinforcement  of  silicone  rubber* 

In  the  last  quarterly  report,  No.  12,  the  initial  work  with 
this  pigment  was  reviewed.  GS199S  is  a very  finely  divided 
porous  silica,  containing  an  organic  constituent  as  a coating. 

This  constituent  is  chemically  bound  and  may  be  removed  as 
n-butyl  alcohol.  The  coating  oxidizes  in  air  and  is  thus  removed 
between  200  and  U00°F.  This  pigment  will  not  only  reinforce 
silicone  rubber  to  a high  degree,  but  will  also  impart  cure  to 
the  compound,  so  that  a strong  slab  may  bo  formed  from  the  gum  and 
pigment  alone.  Under  optimum  conditions,  compounds  of  up  to 
1900  p.s.i.  tensile  strength  with  d$0  per  cent  elongation  were 
produced.  The  mechanism  of  curing  has  not  yet  been  determined 
but  is  assumed  to  be  related  to  breakdown  of  the  coating. 

The  major  disadvantage  of  OS  Silica  compounds  is  that  they 
bccomn  overcured  rapidly  when  subjected  to  temperatures  over 
U00°F.  and  slowly  at  temperatures  between  300  and  UOO°F.  Since 
silicone  rubber  compounds  are  generally  expected  to  withstand  tem- 
peratures up  to  500°F.,  and  as  many  of  the  specification  tests 
arc  carried  out  above  300°F.,  one  of  the  outstanding  properties  of 
silicone  rubber  is  sacrificed  when  GS  Silica  is  used  in  the  compound. 

The  maximum  useful  temperature  of  these  compounds  at  present  is 
about  300°F. 
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Footnotes : 

(1)  Gen.  Elec.  SB-76  silicone  gum  used  (Batch  No.  11317). 

(2)  Press  cure  1$  minutes  at  230°F.j  oven  cure  as  indicatedi 
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1.  Press  Curing  Data 

Variation  of  press  curing  tempera ture  was  carried  out  with 
25  volume  GS199S  Silica  stocks  containing  0.5  and  2.0  percent 
benzoyl  peroxide.  Low  molecular  weight  gum,  batch  11317  was 
used.  Data  are  given  in  Table  II-A-1..  With  0.5  percent 
peroxide,  reinforcement  was  lowered  as  the  press  curing  temperature 
was  raised.  The  same  was  true  using  2 percent  peroxide,  as 
indicated  by  the  modulus  data.  These  data  are  similar  to  those 
of  Table  I-C-l  and  I-C-2  and  again  suggest  that  peroxide 
decomposition  products  are  operative  in  depolymerizing  the 
SE-76  in  the  presence  of  GS199S  Silica.  The  210°F.  press 
cured  slabs  had  higher  elongations  and  did  not  become  quite 
as  hard  at  li80°F.  However,  this  improvement  was  not  sufficient 
to  keep  the  U80°F.  cured  slabs  from  becoming  stiff  and  brittle 
and  therefore  unsatisfactory. 

2.  Oven  Curing  Data 

Table  II-A-2  gives  data  on  U00  and  1*80°F.  oven  cures  of 
15  and  25  volume  GS  Silica  stocks  with  varying  benxoyl  peroxide. 

The  reirul8rly  available  lower  molecular  weight  SE-76  siloxane 
polymer  (Batch  No.11317)  was  used. 

The  purpose  of  this  series  of  tests  was  to  determine  high 
temperature  curing  nroperties  of  the  low  molecular  weight 
polymer  with  GS  Silica  plus  peroxide.  Fifteen  volume  stocks 
withstand  U*  hours  at  U00°F.  without  becoming  brittle.  However, 
from  the  standpoint  of  tensile  the  12  hour  cures  at  U00°F.  were 
superior. 


RS.I.  SHORE  A 
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With  25  volumes  of  QS  Silica,  the  12-hour  cure  at  1*00°F.  is 

the  only  satisfactory  one*  and  all  properties  suffer  with 

♦ _ 

further  curing.  Other  data  show  that  with  benzoyl  peroxide 
present  the  highest  elongation  and  tensile  are  obtained  in 
short  cures,  1 hour  at  300  or  UOO°F.,  these  properties  falling 
off  fairly  rapidly  with  further  curing.  This  is  attributable 
to  the  effect  of  the  pigment,  the  ultimate  properties  being 
independent  of  the  concentration  of  benzoyl  peroxide. 

A further  study  of  curing  rate  of  OS  Silica  stocks  is 
shown  in  Table  II-A-3.  This  is  a curing  study  of  25  volume 
OS  199S  Silica  compounds,  with  no  benzoyl  peroxide,  using  the 
available  lower  molecular  weight  gum  (Batch  No.11317).  Curing 
temperatures  were  300,  U00,  h50  and  l*80°F.  with  times  from  1 
to  96  hours.  The  data  are  represented  graphically  in  Figure 
II-A-3  for  300  and  U00°F.  cures. 

It  is  apparent  that  the  reaction  by  which  silicone  rubber 
is  cured  with  OS199S  Silica  is  much  slower  than  that  with 
benzoyl  peroxide,  and  the  best  stocks  are  obtained  with  a 
cure  limited  by  time  and  temperature  below  the  point  where 
GS  199S  Silica  actively  overcures.  For  highest  strength  an 
extended  cure  at  300°F.  is  indicated.  A cure  of  6 hours  at 
UOO°F.  appears  to  be  approximately  equal  to  one  of  50  hours 
at  300°F.  Cures  at  300°F.  were  not  carried  beyond  96  hours 
for  practical  reasons,  but  it  appears  that  the  tensile  strength 
would  continue  to  rise  at  a faster  rate  than  elongation  decreased 
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for  some  time  at  this  temperature.  Evidence  of  further 
curing  activity  at  300°F. obtained  from  the  compression  set 
data  obtained  on  tests  run  at  this  temperature*  With  16  to 
2i|  hours  of  curing  at  kOO°F.  or  6 hours  at  U50°F.  the  stocks 
have  been  sufficiently  tightly  cured  that  normal  compression 
set  values  for  typical  benaoyl  peroxide  cured  silicone  stocks 
are  obtained. (See  Tables  I-C-l  and  I-C-2).  It  should  be 
noted  that  the  best  compression  sets  occur  only  after  the 
elongation  has  deteriorated  badly  and  stiffness  has  increased 
greatly  due  to  the  extra  cross-links  set  up* 

3*  Varying  Molecular  Weight  Gum 

The  effect  of  polymer  molecular  weight  of  various  batches 
of  SE-76  on  stocks  cured  with  benaoyl  peroxide  was  discussed 
previously  (See  Table  I-B-3).  It  was  found  that  there  was  no 
dear  difference  in  reinforcement  in  the  range  of  molecular 
weights  from  1*00,000  to  800,000,  and  that  properties  varied 
more  with  curing  temperature  in  the  high  molecular  weight  region. 
Overcuring  is  more  likely  with  the  high  molecular  weight  gum. 

With  GS  Silica  reinforcement  and  cure,  better  tensile 
strength  is  obtained  with  higher  molecular  weight  polymer. 

Data  for  these  tests  are  given  in  Tables  II-A-ii,  5,  and  6 
in  Figure  II-A-6. 

We  found  (Report  No, 12)  that  tensile  strengths  of  over 
1000  p.s.i.  could  not  be  obtained  with  Batch  No. 11317  gum, 
whereas  strengths  of  almost  2000  p.s.i.  had  been  obtained  with 


Fractionated  SE-76  (11317-5)  and  25  vola.  GS199S 
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Various  Batches  of  SE-76  and  1 5 Vols.  GS199S  Silia 
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Batch  No.5$l*6.  This  was  traced  to  the  difference  in  average 

i 

molecular  weight  and  led  to  evaluation  of  GS  199S  Silica  curing 
from  this  standpoint. 

Table  II-A-l*  gives  data  on  a batch  of  the  11317  gum  which 
was  separated  by  solvent  precipitation  into  three  different 
molecular  weight  fractions > which  averaged  350,000,  1*10,000  and 
61*0,000.  Cures  on  the  fractions  show  the  highest  tensile  on 
the  highest  molecular  weight  fraction  with  little  effect  on 
other  physical  properties  except  that  the  highest  fraction 
was  also  more  3table  at  the  1*00°F.  curing  temperature. 

Tables  II-A-5  and  II-A-6  contain  data  for  a series  of  cures 
with  15  and  2$  volumes  of  GS  Silica  in  five  different  batches 
of  SE-76.  These  batches  were  used  as  received,  and  their 
average  molecular  weight  determined  by  the  viscosity  method 
as  previously  described  (page  $e).  Average  molecular  weights 
ranged  from  1*30,000  for  Batch  No, 11317  to  730,000  for  Batch 
No.B-59l*6, 

With  15  volumes  of  GS  Silica  (Table  II-A-5,  the  best 
reinforcement  occurred  with  Batch  No«B-59l*6  of  730,000 
molecular  weight. 

All  of  the  available  batches  of  SE-76  were  compounded  with 
25  volumes  of  GS  19rS  Silica,  the  data  being  given  in  Table  II-A-6 
and  Figure  II-A-6,  There  are  several  interesting  points  evident 
from  inspection  of  the  data  and  graph*  There  is  a definite 


« 
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increase  in  tensile  strength  as  molecular  weight  increases, 

' < 

i.e.,  from  200  - 800  p.s.i.  at  U30,000  molecular  weight  to 
1000  - 1750  p.s.i.  at  700,000  molecular  weight.  This  occurs 
with  either  a 300°  or  ljOO®F»  cure,  although  the  result  is 
more  easily  detected  at  the  lower  temperature  of  cure.  This 
accounts  for  the  failure  to  produce  high  tensile  GS  199S  Silica 
stocks  with  the  regularly  available  low  molecular  weight  variety 
of  SB-76.  Figure  II-A-6  shows  that  as  gum  molecular  weight 
increases,  the  tensile  strength  plot  shows  the  biggest  increase 
with  a slight  effect  observable  in  elongation  improvement. 

Other  properties  are  not  changed  appreciably. 

These  data  show  that  SE-76  rubber,  to  be  most  effective 
in  compounding  with  OS  Silica,  should  be  of  about  700,000 
average  molecular  weight  or  more.  This  grade  of  polymer  shows 
better  tensile  strength  than  the  presently  favored,  lower 
viscosity  type  currently  sold  by  the  General  Electric  Company. 

It  is  recognized  that  softer,  lower  molecular  weight  gum  is 
easier  to  mill  and  easier  to  "freshen”  by  milling  after  having 
been  mixed  and  aged. 
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Footnotes s 

(1)  4 Q§rt*  Elec.  SE-76  gun  used;  no  coring  agent* 

(?)  Press  cure  15  minutes  at  230°F.j  oven  cure  as  indicated 


B.  Special  Types  of  GS  Silica. 

At  our  request  the  DuPont  Conpany  supplied  other  GS  Silica 

samples  which  had  varying  amounts  of  the  organic  coating.  Also, 

*■ 

a sample  of  larger  particle  size  was  included  for  evaluation. 

The  question  had  naturally  arisen  as  to  whether  GS  Silica 
with  less  coating  would  effect  a good  cure,  and  if  this  were 
the  case,  whether  less  coating  would  prevent  overcuring  at 
temperatures  above  UOO°F. 

Table  II-B-1  gives  physical  properties  of  compounds  made 
with  these  pigments  in  SE-76  gum  at  cures  of  300°,  U00°  and 
U80°F.  Fiftoen  volume  loadings  were  used  except  with  G3-2399-1U7 
which  could  not  be  milled  higher  than  10  volume  per  cent.  In 
this  experiment  the  central  with  regular  GS199S  Silica  yielded  a 
maximum  of  U20  p.s.i.  tensile  strength  after  a cure  of  2h  hours 
at  300°F.  After  2U  hours  at  U00°F.,  elongation  was  reduced  to 
125  per  cent  but  the  stock  withstood  6 hours  curing  at  U80°F. 
GS-2399-1U7,  of  the  same  particle  size  but  with  no  coating,  showed 
slight  reinforcement  at  1C  volume  leading.  The  pigment  surface 
was  so  active  that  more  than  10  volumes  could  not  be  added.  This 
degree  of  reinforcement  is  similar  to  that  obtained  with  Santocei  C 
with  no  curing  agent;  hones  the  conclusion  is  that  no  cure  was 
exhibited  by  this  sample  of  GS  Silica.  The  stock  maintained  its 
hardness  at  digher  temperature  cures,  but  the  elongation  dropped 
below  25  per  cent*  With  sample  GS-2399-55B,  having  one-half  the 
usual  organic  o nting,  a tensile  strength  of  390  p.s.i.  was 
developed  with  a 300r>F . cure;  however,  the  elongation  was  only  25 
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per  cent.  The  high  durometer  of  this  cure  indicates  that  the 
optimum  volume  lording  was  probably  exceeded.  Sample  GS-2 399-^20 
had  a full  coating,  but  developed  only  230  p.s.i.  tensile  strength, 
considerably  lower  than  that  of  tho  standard  OS199S.  This  is 
probably  due  to  a slight  difference  in  particle  size.  The  sample 
which  definitely  had  a larger  particle  size  and  a full  coating 
gave  practically  no  reinforcement,  showing  again  the  importance 
of  proper  pigment  size.  The  other  noteworthy  point  with  this 
compound  was  the  fact  that  it  becomes  softer  rather  than  harder 
as  the  curing  temperature  was  raised. 

These  compounds  lend  valuable  information  with  regard  to  the 
curing  and  stiffening  action  of  GS  Silica,  With  no  organic 
coating,  only  10  volumes  could  be  milled  into  SE-76  with  slight 
reinforcement,  and  the  stock  di.l  not  become  stiff  as  curing  tem- 
perature increased,  ^ith  one-half  coating,  1$  volumes  could  be 
introduced  to  produce  a very  short,  high  duromoter  stock  which 
became  stiff er  at  nigher  temperature  cures.  With  a full  coating 
on  the  pigment  and  small  particle  size,  good  reinforcement  vrLth 
high  elongation  wa3  obtained  with  300°F.  cures.  These  became 
about  as  stiff  as  the  cne-half  coated  pigment  at  UOO  and  h80°F. 
Finally,  the  fully  coated  large  particle  size  GS  stock  at  the 
same  volume  loading  showed  no  .-einf orcement  or  cure  and  became 
softer  tho  curing  temperature  increased. 

From  our  work  on  the  pigment  alone,  we  know  that  the  organic 
coating  on  GS  Silica  breaks  down  and  comes  off  easily  above  hOO'F. 
when  heated  in  air.  This  evidently  occurs  to  some  depree  in  the 
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same  manner  when  the  pigment  is  dispersed  in  SS-76,  so  that  the 
coating  is  partially  removed  in  the  hOO°F.  cure  and  to  a much 

greater  extent  in  the  U80°F.  cure.  Stiffening,  of  the  stock  is 

<• 

not,  however,  caused  by  a chemical  action  of  the  coating  or  its 
decomposition  products  on  the  gum  since  the  fully  coated  large 
particle  size  sample  did  not  show  this  effect.  The  GS  Silica 
apparently  becomes  highly  absorptive  when  the  coating  is  removed 
from  its  surface.  If  the  amount  of  absorptive  surface  is  high 
(i.e.  if  the  particle  size  of  the  pigment  is  small),  the  polymer 
becomes  so  extensively  bound  to  the  pigment  that  the  resulting 
system  is  not  flexible. 

It  was  of  interest  to  compare  the  reinforcing  action  of  GS 
Silicas  without  coatings,  with  that  of  a silica  such  as  Santocel  C, 
using  a benzoyl  peroxide  cure.  Table  II-B-2  gives  results  with 
GS-2399-1U7,  supplied  without  coating,  and  with  regular  GS199S 
whose  coating  was  completely  removed  by  heating  to  600°F.  These 
samples  could  be-  milled  to  10  volume  leading  only,  and  it  is  evident 
that  reinforcemt  is  not  great  at  this  concentration  compared  with 
Santocel  C.  We  have  found  by  electron  microscope  observation  that 
GS  Silica  and  Santocel  C have  about  the  same  ultimate  particle  size. 
The  difference  in  reinforcement  observed  here  may  be  due  to  a 
difference  in  porosity  of  the  two  silicas. 

It  was  evident  that  the  large  particle  size  GS  sample  could 
not  be  milled  at  higher  concentrations  than  GS199S.  Properties 
of  c compounds  up  t ->  Li7  volume  per  cent  loading  are  given  in  Table 
II-B-3.  Optimum  . oinforcement  is  obtained  at  20  volume  per  cent; 
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above  this  the  pigment  loading  is  too  high*  If  this  pigment  were 

similar  to  GS199S,  and  of  larger  particle  size,  one  would  expect 

its  reinforcing  action  to  approach  that  of  GS199S  at  the  proper 

# 

loading. 
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( ; General  Jlectric  Sn-76  silicone  gum  used,  no  curing  agent 
C2)  Press  cure  1?  min.  230°F. , oven  cures  ns  indicated. 
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Cc  Treatment  of  GS-199S  Silica 

It  has  been  noted  that  surface  moisture  on  pigments 
has  in  some  cases  a considerable  effect  on  reinforcement. 

In  general,  ve  have  found  that  bone  dry  pigments  are 
more  effective,  and  pigment  efficiency  increases  as  it 
is  dried  by  heating,  up  to  the  point  where  a chemical 
change  or  sintering  takes  place.  GS-199S  is  markedly 
hydrophobic  to  liquid  water;  however,  it  can  probably 
pick  up  a thin  layer  of  vapor  from  the  air.  To  check 
this,  GS-199S  Silica  was  dried  over  Mg (ClO^Jg,  with  a 
resulting  1 per  cent  weight  loss. 

Data  in  Table  II-C-1  show  that  this  amount 

of  moiatUTo  greatly  affected  tho  reinforcing  or  curing 
properties  of  the  pigment.  One  difference  is  that  the  dried 
GS-199S  stock  does  not  become  stiff  as  rapidly  at  400°F. 
or  480 °F.  This  would  indicate  enhancing  effoot  of 
moisture  on  the  rate  of  the  GS-199S  Silica  curing  reaction* 
Further  compounds  were  made  with  GS-I99S  from  which 
part  or  all  of  the  coating  had  been  removed  by  heating 
in  air.  Data  in  Tabic  II-C-P  on  compounds  made  with 
GS-199S  heated  in  air  show  that  after  heating  at  300°p\ 
with  a 3 per  cent  veight  loss,  GS-199S  lost  much  of  its 
reinforcing  and  curing  action.  This  was  completely 
destroyed  by  further  heating  at  400°F  and  480°F. 

Table  II-C-3  Gives  data  for  GS-199S  which  was  heated 
in  vacuum  at  480°F.  to  a 4 per  cent  weight  loss.  In 
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this  case,  reinforcing  and  curing  properties  were 
slightly  enhanced  by  the  heating.  A difference  between 
heating  to  similar  weight  losses,  in  air  and  in  vacuum, 
is  evident.  The  organic  coating  on  G3-1993  is  apparently 
easily  oxidized  at  300-480°F.  in  air;  thus,  heating  in 
air  probably  causes  a considerable  destruction  cf  the 
original  form  of  the  coating  with  a measurable  weight 
reduction,  resulting  in  loss  of  curing  properties. 

Heating  in  vacuum  prevents  this  oxidation  and  a one- 
third  loss  of  the  coating  does  not  affect  curing 
properties  greatly.  The  coating  is  evidently  very 
firmly  bound  to  the  silica,  probably  by  chemical  bonds. 
Yet  even  the  heated  pigment  continues  to  possess  curing 
activity  at  400  and  480°?. 

D.  H.igh  Temperature  Compounding  and  pivm  pc; 

Silica  Stocks. 

The  major  deficiency  in  high  tensile  strength 
silicone  rubber  as  compounded  with  GS-199S  Silica  is 
its  poor  heat  resistance,  A stock  containing  15  or  25 
volumes  of  GS-1993  Silica  will  cure  well  at  300°f..  and 
maintain  its  properties  at  this  temperature  up  to  100 
hours  plus.  However,  at  400°F.  the  stock  will  gradu- 
ally become  harder,  while  at  the  usual  480°F.  curing 

temperature  for  silicone  rubbers  it  will  rapidly  become 
brittle. 


Table  II-D-1  gives  data 


on  the  stability  of  10 
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and  15  volume  GS  stocks  at  480°F«  Obviously,  reduced 
crossllnklng  should  occur  with  a 10  volume  loading. 

However > at  a 10  volume  loading,,  reinforcement  is  Initially 
too  low  to  be  practical,  and  a good  stock  is  not  obtained 
with  300°P*  curing.  It  was  considered  possible,  due  to  the 
nature  of  the  GS  Silica  curing  action,  that  a low  volume 
stock  such  as  this  might  produce  a good  cure  at  higher 
temperatures.  However,  this  was  found  not  to  be  the  case. 
Tensile  strength  and  elongation  both  decrease  with  greater 
than  one  hour  at  480°F.  The  stock  retained  100  percent 
elongation  after  16  hours,  however,  so  it  did  not  become 
brittle  as  do  more  highly  loaded  compounds.  The  initial 
tensile  and  elongation  were  not  high  enough  indicating  lack 
of  reinforcement.  With  fifteen  volumes  of  GS-199S,  an 
Initial  elongation  of  300  percent  is  reduced  to  50  percent 
after  16  hours  at  480°F.,  which  places  the  stock  in  an 
almost  brittle  condition.  A 2p  volume  stock  becomes 
brittle  after  about  6 hours  at  this  temperature. 

1.  Remllllng  GS  Silica  Stocks 

It  is  well  known  that  silicone  stocks  containing 
silica  pigments  such  as  Santocel-C  need  to  be  rerailled 
after  aging  24  hours  in  order  to  obtain  optimum  reinforce- 
ment. This  is  presumably  due  to  the  fact  that  the  silicone 
polymer  requires  considerable  time  to  be  absorbed  into  the 
porous  silica  structure.  When  this  process  has  been 
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completed,  a rather  Inflexible  network  Is  formed  and 
the  compounded  rubber  will  not  flow  In  a preee.  Remill - 
tng  softens  the  structure  without  destroying  the  effect- 
iveness of  the  polymer-pigment  bonds.  It  was  postulated 
that  the  high  temperature  stiffening  properties  of  OS 
Silica  compounds  might  be  lessened  by  such  remilline, 

if  this  stiffening  were  due  to  polymer  absorption  on  the 
pigment  during  curing. 

Table  II-D-2  gives  data  on  remilled  GS  199S  Silica 
Stocks  of  15  to  35  volume  loading,  in  all  cases  this 
repeated  remllling  before  curing  lowered  the  durometer. 
Increased  the  elongation,  and  markedly  increased  the 
tensile  strength  of  these  compounds  when  cured  at  48o°F. 
The  46o°F.  cure  of  9 hours  given  to  a*,  stocks  is  only 
a partial  cure;  however  the  results  are  sufficiently 
improved  to  indicate  that  this  type  of  remilling  would 

stabilise  as  199S  etocks  up  to  2S  volumee  to  wittstand 
a 24  hour  cure  at  460°p. 

Further  remllling  experiments  were  done  to  s tudy 
this  effect  further.  Data  in  Tab) e II-D-3  show  that 
30-minute  remllling,  24  to  48  hours  after  compounding, 
definitely  improves  a 25  volume  OS  stock  in  short  cures 
at  460-f.  It  was  thought  that  a preheating  of  the  OS 
stock  at  some  temperature  below  the  300°F.  curing 
temperature  might  be  advantageoue . compound  2270-3  was 
romilied  30  minutes  after  being  heated  16  hours 
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(1)  General  electric  31]-7o  silicone  gun  used;  no  curing  agent 

(2)  Press  cure  as  indicated  at  230°F.;  oven  cure  as  indicated 
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at  200°F,,  with  some  improvement  in  temperature 
stability.  The  same  treatment  of  a 35  volume  stock, 
#2272-2,  showed  a large  increase  in  tensile  strength. 
Prolonged  {12  hours)  curing  at  400°F,  overcame  the 
improvement  imparted  by  remilling. 

It  is  concluded  from  these  tests  that  one  or  two 
remilling  treatments  are  beneficial  to  C-S  Silica 
stocks  from  all  standpoints,  and  especially  with 
regard  to  their  resistance  toward  brittleness  at  *+80°F. 

2,  Curing  Techniques  with  GS  Silica  Stocks 

With  benzoyl  peroxide  cured  silicone  stocks,  curing 
is  carried  out  in  two  stages.  The  first  is  a press 
cure,  in  which  the  stock  is  molded  under  pressure  and 
heat.  This  is  usually  done  for  15  minutes  at  230-250°F#) 
\7hich  is  sufficient  to  set  the  shape  and  complete  the 
peroxide  curing  reaction.  Because  the  decomposition 
products  of  the  peroxide  (i.e,  benzoic  acid. ) are 
harmful,  the  remainder  of  the  curing  up  to  *f80°F.  is 
carried  out  in  an  air  circulating  oven  where  this  and 
other  volatile  products  are  removed  from  the  stock. 

Since  no  peroxide  is  involved  in  the  C-S  Silica  curing 
mechanism,  it  was  of  interest  to  try  other  curing 
techniques. 

Table  II-D-4  gives  data  on  short  pressing  times  for 
a standard  ?5  volume  GS  stock.  Since  the  GS  Silica 
curing  action  is  much  slcrer  than  that  of  peroxide, 
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very  litttLe,  aetual  euring  takes  place  during  a stone 
dard  15  minute  press  cure  at  230-2 50°F. , this  step 
being  useful  mainly  to  mold  the  stock.  Slabs  were 
therefore  given  very  short  times  in  the  press,  removed 
both  hot  and  cold,  and  cured  16  hours  at  >+00oF.  in  an 
air  oven.  In  addition,  the  stocks  were  remiiled  once 
before  molding.  Results  indicate  that  an  orthodox 
press  cure  is  unnecessary  with  GS  stocks,  that  they 
may  be  removed  either  hot  or  cold  from  the  mold,  and 
the  cure  carried  out  in  the  oven  entirely. 

It  was  also  of  interest  to  determine  the  effect  of 
extended  mold  cures , and  higher  temperature  press  cures 
on  GS  stocks.  Data  for  this  type  of  curing  with  both 
a standard  25  volume  GS  stock  and  a 15  volume  Santocel-C, 

2 percent  benzoyl  peroxide  stock  are  given  in  Table 
II -D- 5.  The  necessity  for  air  oven  curing  with 
benzoyl  peroxide  is  evident  with  compound  number  2313-2(A) 
in  which  the  400°F.  heating  within  an  enclosed  mold 
resulted  in  depolymerization  of  the  rubber  ancl  no  cure. 
Likewise,  a long  cure  in  the  press  at  400°F.  caused 
partial  depolymerization  of  this  stock,  and  a resulting 
hardness  of  only  19. 

The  GS  silica  stock  likewise  did  not  survive 
extended  heating  in  a mold,  but  became  very  brittle 
instead  of  soft  as  was  the  case  with  the  peroxide  stock. 
The  result  was  a definite  overcure  by  the  GS  silica.  The 


' T'-'  “ — * V.  ~ -,~:z.-.^.  - '»•---- 

-‘ i-yrstZpg: 


f ^Pp^isZSKra-rwr 


29a 


i’l 

<? 


a 

4 

h! 


OT 

m 

■ pv 

+*£ 
CO  CM 


«1 

n 


M 


£ 

o; 

df 

>; 

o| 


p 1 1 
V\  t 1 

Q .«  i 

S'  1 • 

O 1 1 

J±  1 1 

NO  1 1 

00  1 l 

CJ  I I 

vO  H.+ 
o.co  5o 

OvOCM 
C^CO  On 

p?£y<p 
Cn.00  Cn- 

U>, 

Cn 

O UN 

CM 

ro 

VfNCM 

CM 

CM 

no 

P P 

P P 

p 

rl  r4 

r-t  r-t 

r-t 

. +»  4J 

4-3  4-2 

+2 

\fS+2  4J 

C-  42  +3 

O O 43 

ON  ft  ft 

Vf\  ft  -H 

J-  CN-ft 

•-O  P(  fH 

ON  Fh  F t 

Cv-vO  Pt 

£9  rq 

cc  CO 

PI 

s. . 


XACVC 

vOCOOO 


cm  r- 
H <n 
h~ 

o 

1 — t 
■p 

O M -P 
P^-sD  t-t 
sO  VA  f* 
CO 


r-  o o 

o oc~ 
0-3- J- 

o 

ro  • • 

to  to 

.d 

#~\OvO 

H H H 


jM- 

•o  o 


o 

)co 

--t 


o. 

•o 

rO  • • 

to  to 

fl  -axi 

~ nOnD 

H H r-t 


• o o 

ii|O0 
O Ot> 
O--}- j- 

o 

ro  • • 

to  to 


£ 


• f-j  F-t 

4 six: 


nOnO 

rlHH 


•O 

PuO  o 
O o cu 
O-t  j- 
o 

no  • • 

■ to  to 

,!££ 

xi 

vO  vO 

rt  r-t  H 


P 

K * 

T "> 

4->' 

l 

< 

o 

XC  < 

* 

UOf.H 

1 o 

O 

Un 

1C\ 

fl  « 

> • z s 

• 2 2 

• s:  - 

• ; 

rO 

fs 

,p  m 

l ro 

ro 

O 

o 

fci 

42 

S 

P C 
S p 

i 

t 

< 

3 e 

UN 

IT's 

UN 

lr\ 

r-t  fc.. 

CM  S s 

CM  2 2 

CM  ::  rr 

CM  : 

M 

O ft 

d 

> tu 

M 

* » 

• 

« 

• 

• 

o 

r * 

t-j 

£' 

S' 

M 

pi 

o 

o 

O 

o 

CU 

r-t 

o 

i — l 

o 

p. 

CJ 

n 1 

CM 

ro 

8 
t i 

°! 

J 

) 

u 

>4 

to 

to 

. 

• 

• 

• 

PI 

p 

c; 

d 

d 

d 

Fh 

•H 

•f  ! 

•H 

1 1 

> 

ru 

a 

t4 

a 

a 

o 

a 

o 

o 

r—l 

r-t 

r— t 

H 

4-»i 

CJ 

O 

td 

fj 

« 

CJ 

CJ 

o 

d 

ft 

•t  t 

ft 

ft 

p 

r-t  e e 

rl  Z — 

r-l  - C 

r4  : 

Bj 

•H 

ft 

ft 

n-l 

td 

CO 

CO 

V3 

CO 

ft] 

cu| 

rn 

V} 

in 

CO 

O 

t_i 

r ■ ! 

o 

n>r->r-» 

r---  — 

•2  i 

•4*  W O 

rq  O 

'-SCO  O 

< !. 

^N/N^ 

v^N/N/ 

NJN/N^ 

NXN 

p 

r4 

C‘i 

ro 

.4 

o •] 

1 

1 

1 

1 

ftC 

ro 

n 

ro 

ro 

a ». 

° 

s 

O 

-X 

3 

3 

o 1 

CM 

Cj 

CM 

CM 

d 

o> 

u> 

cl 

2P 

•r-l 

u 

p 

to 

nJ 

p 

s 

g 

?-« 

01 

PH 


>. 

o 

N 

d 

P 

X) 


TJ 

P 

3 


bfl 

P 

a 

o 

0 

•H 

ft 

fl 

to 

MO 

L'- 

1 

ri 

co 


4-2 

p 

p 

rt 


i-4 

Cu 

*4 

P 

c 

p 

o 


<1 

ro 

to 

p 

N 

a, 


CVI 


oven  cures  as  indicated 


30 


reason  for  this  is  not  ki*nra,  bat  it  is  evident  that 
the  proper  procedure  for  GS  silica  curing  is  an  air 
oven  cure  following  short  molding. 

It  has  been  shown  previously  (Section  II-A-3)  that 
silicone  gum  of  a higher  molecular  weight  polymer  is 
much  more  responsive  to  GS  silica  curing.  It  was 
postulated  that  the  lower  physical  properties  obtained 
with  the  present  SIU-76  are  due  to  the  presence  of  too 
much  low  molecular  weight  polymer.  Heating  the  gum 
to  drive  this  off  before  compounding  did  not  prove 
successful.  However,  it  might  be  possible  to  cure 
partially,  or  cross-link  this  low  molecular  weight 
material  with  peroxide  before  the  GS  silica  cure 
begins.  This  idea  was  tried,  and  the  results  are 
recorded  in  Table  II-D-6. 

^ith  a short  oven  cure  at  300°F»»  the  highest  ten- 
sile GS  silica  stock  is  obtained  with  3»0  percent 
benzoyl  peroxide  and  a 300°p.  press  cure.  For  higher 

temperature  cures,  the  percent  peroxide  stock  is  more 
satisfactory.  None  of  the  compounds  has  improved 
temperature  resistance.  The  benzoyl  paroxide 
effectaa  more  rapid  cure  of  the  stock  in  the  P50-300°F, 
range,  and  this  is  not  impeded  by  the  presence  of 
GS  silica.  However,  this  initial  cross-linking 
still  does  not  bring  the  lew  molecular  i;eight  SF-76 
into  the  class  of  the  higher  molecular  weight  material 
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(2)  Press  cure  15  min.,  at  230°F.;  oven  cures  as  indicated 


31* 

for  GS  silica  curing, 

3*  Plasticizing  GS  1993  Silica  Stocks 

Another  series  of  experiments  were  carried  out  to 
test  the  utility  of  plasticizing  GS  silica-silicone 
rubber  stocks  so  that  they  would  be  flexible  after  a 
full  cure  at  450-500°F.  it  is  possible  to  soften 
silicone  stocks  to  practically  any  degree  with  com- 
patible plasticizers,  and  some  of  these  will  remain 
in  the  stock  at  the  elevated  temperatures  desired  here. 
Data  in  Table  II-D-7  give  results  using  G.E.  9996- 
1000  silicone  oil  as  a plasticizer.  This  is  a "stopped” 
oil  of  high  viscosity,  and  is  not  appreciably  volatile 
at  *+50°f.  Five  and  10  percent  of  this  oil  failed  to 
plasticize  a 25  volume  GS  silica  stock  cured  either 
at  400°F.  or  480°F,  The  stocks  are  actually  cured 
harder  than  they  would  if  the  oil  were  not  present. 

The  test  was  carried  further  using  up  to  20  percent 
silicone  oil  in  a 15  volume  GS  stock.  Durometer  is 
higher  with  the  oil-containing  compounds  in  this  case 
also.  This  result  seems  to  tie  in  with  the  observa- 
tion that  harder  gum  (higher  molecular  ’./right) 
stands  curing  at  400°F.  better  than  softer  gum. 

Another  silicone  oil  known  as  G-2  was  tried  as 
a plasticizer  because  of  its  chemical  properties. 

This  oil  was  produced  in  our  laboratory  by  acid 
depoiymerize.tion  of  GE9997-G  silicone  gum  and 
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subsequent  stabilisation  with  glycerol.  0-2  0ll  has 
a molecular  weight  of  the  order  of  5000,  and  thus  con- 
tains more  active  groups  in  the  form  of  hydroxyl  than 
does  regular  silicone  oil.  it  was  postulated  that 
these  hydroxyl  groups  might  absorb  some  of  the  curing 
activity  of  OS  silica,  .n4  thus  render  the  stock  more 
stable  thermally.  Table  II-d-8  gives  results  of 
cures  using  up  to  20  percent  0-2  oil  in  a 15  volume 
OS  stock.  In  compound  *2325  the  oil  was  first  mixed 
with  the  Pigment  at  25  volume  loading,  m „0  case  was 
any  plasticizing  action  or  increased  high  temperature 
Stability  observed  with  these  compositions.  Again, 

this  oil  like  the  silicone  oil  tended  to  produce  a 
more  brittle  stock. 

Additional  tests  were  made  using  some  of  the 

better  hydrocarbon  rubber  plasticizers  with  a 25  volume 

OS  silica  stock.  These  included  phosphates,  phthalates, 

scbacates  ani  high  molecular  ..eight  alcohols.  Results 

in  Table  II-D-9  Indicate  that  these  materials,  while 

compatible  with  silicone  rubber,  have  an  adverse 

effect  on  temperature  resistance.  In  all  cases  brittle, 

high  d urometer  stocks  were  formed  after  curing  at  1+00 
and  480°f. 

Another  method  that  was  tried  in  order  to  soften 
highly  cured  GS  silica  stocks  involved  soaking  the 
cured  slabs  in  benzene  solutions  of  silicone  oil  and 


TABLE  II-D-11 
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gum*  The  solvent  was  found  to  swell  these  tightly  cured 
slab3,  allowing  the  oil  or  gum  to  penetrate.  However ? 

\ipon  air  or  oven  drying,  the  slabs  cracked  badly  as 
they  shrank  during  solvent  evaporation*  Tests  on  some 
of  these  slabs  are  given  in  Table  II-D-10,  It  was 
apparent  that  these  tightly  cured  stocks  could  not  be 
distended  through  solvent  swelling  without  rupturing 
the  structure. 

It  has  been  proposed  (Report  #12)  that  the  GS 
silica  curing  action  may  proceed  through  free  radical 
formation  induced  as  the  coating  breaks  from  the  pigments. 
If  high  temperature  overcuring  is  a result  of  too  much 
cross-linking  due  to  high  free  radical  concentration, 
a free  radical  inhibitor  might  be  expected  to  improve 
this  situation,  A number  of  compounds  of  this  type  were 
added  in  1 percent  amounts  to  a standard  25  volume  GS 
silica  batch;  their  effect  on  high  temperature  curing 
properties  is  given  in  Trble  II-D-11,  compounds  2329(l~lf), 
Physical  properties  were  somewhat  improved  after  a 400°F, 
cure,  but  curing  at  480°F.  produced  slabs  even  more 
brittle  than  those  with  no  inhibitor. 

Compounds  2328(1-2)  contained  a small  amount  of 
stearic  and  benzoic  acids  respectively,  to  effect  a 
slight  depolymerization  of  the  gum  during  oven  curing* 

This  might  be  expected  to  plasticize  the  stock  effectively, 
but  the  two  slabs  tested  show  that  the  opposite  proved 


TABLE  II-D-I2 

GS  SILICA  ML' 3D  * rITH  OTHir*  PIG! 
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to  be  the  case* 

* 

Another  method  considered  for  controlling  the 
tendency  of  GS  silica  to  overcure  was  to  dilute  this 
pigment  with  non-active  reinforcing  fillers.  Table  II- 
D-12  gives' data  for  varying  amounts  of  Santocel  C and 
Alon  milled  together  with  GS  silica.  Stocks  of  varying 
durometer  were  obtained,  but  it  is  apparent  that  this 
method  is  not  satisfactory  since  the  other  pigment 
conflicts  with  the  reinforcing  structure  of  GS  silica. 
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III.  MECHANISM  OF  PEROXIDE  VULCANIZATION 
OF  HEXAM3THYL  DISILOXANE 

A*  Statement  of  the  Problem 

Previous  studies  of  the  reaction  of  benzoyl 
peroxide  with  silicone  rubber  dissolved  in  solvent 
(n-heptane)  enabled  us  to  show  that  benzoic  acid  is 
produced,  to  the  extent  of  about  20  percent  of  the 
total  peroxide  decomposed,  but  did  not  allow  qualita- 
tive identification  of  other  products  of  the  reaction. 
This  work  has  now  been  continued  with  chlorobenzoyl 
pa? oxide  as  the  curing  agent  and  pure  hexamethyl 
disiloxane  as  the  polymer  to  be  cured. 

B.  Results 

1.  We  find  under  the  conditions  used,  28  percent  of 
the  peroxide  consumed  results  directly  in  benzoic  acid, 

50  percent  of  the  peroxide  decomposed  with  formation 

of  chlorophenyl-substituted  siloxanes  and  carbon 
dioxide,  and  22  percent  of  the  peroxide  resulted  in 
chlorobenzoyl-substituted  sil oxanes. 

2.  Sixteen  percent  of  the  hexamethyl  disiloxane 
polymerized  or  cured  as  a result  of  the  cross  linking 
reaction.  There  w as  evidence  that  the  higher  molecular 
weight  fractions  were  not  only  more  highly  cross-linked 
but  also  carried  with  them  more  of  the  chlorobenzoyl 

or  chlorophenyl  fragments.  This  might  indicate  secondary 
attack  by  the  peroxide  on  the  methylene  groups  previous- 
ly combined  with  such  fragments. 
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C . Introduction 

Chlorobenzoyl  peroxide  can  conceivably  decompose  in 
the  presence  of  siloxanes  in  three  basic  ways  as  shown 
in  the  equations  belov/i 


1*  (CIC^HijCOO^ b2  ClC^Hi+COOH  / one  cross-link  be- 

tween siloxane  chains. 

In  equation  1 chlorobenzoic  acid  has  formed,  the  necessary 
hydrogens  coming  from  the  oxidation  of  the  methyl  groups 
on  the  siloxane  chain.  When  two  such  oxidised  methyl 
groups  are  adjacent,  cross-links  may  be  formed.  It  should 
be  pointed  out  that  a cross-link  is  not  necessarily  formed 
for  every  two  molecules  of  benzoic  acid  that  are  formed 
because  the  necessary  hydrogens  may  come  from  reactions 
2 or  3. 

2.  (ClC^Hi+COO) 2 — ✓ 2 C02  / 2 ClCgH^CKp- siloxane  / 2 H. 
Measurements  of  the  carbon  dioxide  that  is  formed  will 
show  that  reaction  occurs  according  to  equation  2 result- 
ing in  the  formation  of  chlorophenyl  substituted  siloxanes. 

3.  (CIC^COO^  ---">2  C 1 C 5K4C  0 OCH2  - s i 1 ox  a ne  / 2 H, 

The  amount  of  reaction  according  tc  equation  3 can  be 
determined  by  hydrolysis  of  the  reaction  products  after 
extraction  of  free  chlorobenzoic  acid  and  anal: sis  of 
the  hydrolysate  a'ain  for  chlorobenzoic  acid* 

D . Introduction  to  _^o_erJjqs _ntjaJL_  Part 

Acyl  peroxides  decompose  under  the  influence  of  heat 
into  free  radicals  which  are  able  to  react  with  suitably 
activated  compounds.  For  example,  benzoyl  peroxide 


> 
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(1,2,3) 

decomposes  according  to  the  following  schemes  : 

i.  (c6h^coo)2  > 2 c6h^coo* 

2*  C^KjjCOO*  — — > C^Hcj.  ^ COp 
This  type  of  reaction  has  been  applied  to  the  vulcaniza- 
tion of  natural  and  synthetic  rubbers,  and  particularly 
to  the  vulcanization  of  silicone  polymers*  The  latter 
are  generally  represented  with  the  following  structure, 
where  the  methyl  groups  may  be  replaced  by  other  alkyl 
or  aryl  groups : 


CHo  i'CH3  '!  CH3 

X-Si-0  i-Si-0  _ Si-X 
CH3  j CH 3../  CH3 


where  X ■ CH3  or  OH 


Hhen  an  acyl  peroxide  is  decomposed  by  heat  in  the  presence 
of  such  a rubber,  the  peroxide  radicals  are  able  to 
react  with  the  substituent  groups  on  the  silicone  poly- 
mers. For  example,  when  benzoyl  peroxide  is  used  to 
vulcanize  silicone  rubbers,  it  has  been  found  that 
benzoic  acid  i3  formed  during  the  reaction,  and  the 
following  mechanisms  can  be  postulated  to  explain  the 
presence  of  the  acid: 
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. -fo-g^  / CfsH^COO, 
3 n3 


4. 


CK3  cp3  cp3  CH3 

^1-o-siV  -3i-o-s^< 
ch3  3h?  Cd 3 ch3 


cp3  qp3 

— V -Sp.-0-^i-  / C-HrCOOH 

ch2  ch3  j 


c^3  cji3  cp3  CH3 
-^i-O-Si-  -31-0-3,1-  / H. 

ch3  dH2 — ch2  ch3 
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If  this  is  a quantitatively  accurate  explanation,  then 
all  the  benzoate  radicals  should  result  in  the  formation 
of  benzoic  acid.  It  ’>as  discovered,  hov;ever,  that  the 
amount  of  benzoic  acid  isolated  after  vulcanization  of 
silicone  rubbers  vas  only  a fraction  of  the  total  yield 
of  benzoic  acid  obtainable  from  the  benzoyl  peroxide  used. 
It  follows  then  that  the  fate  of  the  various  peroxide 
fragments  is  not  a simple  one  and  that  other  mechanisms 

(>+,5) 

must  be  operative  during  the  vulcanization  reaction. 
Accordingly,  an  investigation  was  carried  out  to  deter- 
mine  the  fate  of  the  peroxide  fragments,  the  form  that 
they  assume  in  the  presence  of  a silicone  polymer  and 
their  role  in  the  vulcanization  reaction. 

E ' . Method 

The  method  used  in  this  work  was  that  employed  by 

(6) 

P.D.  partlett  and  R.  Altschul  in  their  study  of 
peroxide  induced  polymerisation  of  allyl  compounds.  The 
peroxide  ’.'as  p-chlorobenzoyl  peroxide  which  was  decom- 
posed at  moderate  temperatures  in  the  presence  of  hexa- 
methyl  disiloxane.  The  latter  compound  chosen 
because  of  its  similarity  with  silicone  rubber  polymers 
ordinarily  used  in  industry;  it  could  be  considered  the 
simplest  silicone  polymer  molecule.  The  quantitative 
distribution  of  the  various  peroxide  fragments  in  the 
reaction  mixture  res  determined  by  tracing  the  chlorine 
ta-ged  groups.  Free  p-chlorobenzoic  acid  was  extracted 
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from  the  reaction  mixture  and  the  amount  of  benzoate 
groups  bound  to  the  siloxane  was  determined  by  hydrolysis 
v/ith  strong  alkali,  freeing  the  acid  which  was  then 
determined  gravimetrically . The  amount  of  phenyl 
fragments  attached  to  the  siloxane  -^a s estimated  by  the 
difference.  Carbon  dioxide  evolved  during  the  reaction 
v/as  also  determined  gravimetrically , and  found  to  be 
equivalent  to  the  amount  of  phenyl  substituent.  The 
polymeric  product  v/as  fractionally  distilled  under 
vacuum  and  the  amount  of  aryl  substituents  attached  to 
each  fraction  was  determined  by  chlorine  analysis. 

F . Ex^erl mental  Part 

1.  Materials  used. 

HexamethjXA^  (CH^J^SigO  was  prepared  by  hydro- 

lyzing trimethyl  chlorosilane  (CH^),3iC-l  under  milcl 

.1  J (7) 

conditions,  condensing  and  fractionating  the  product  ; 
yield  was  78.6  percent  of  theoretical,  b.p.  100.2°c»; 

n20  was, 1.3769  (reported?  b*p.l00«5°C.  1.3774)* 

p-Chlorobenzoyl  peroxide  (CIC^H^CCO^  was  obtained  by 

(8) 

reacting  sodium  peroxide  with  p-chlorobenzoyl  chloride 
at  0 to  3°C.  It  v/as  recrystallized  from  a mixture  of 
methanol  and  chloroform.  It  decor -posed  violently  at 
138°C«  "hen  titrated  by  the  iodonetric  method  it  assayed 
99.67  percent  peroxide. 

2,  Determination  of  the  products  of  peroxide  decomposition, 
a . Description  of  reaction  procedure . 

A mixture  containing  hexaaethyl  di siloxane  and  p-chloro- 


hO, 


benzoyl  peroxide  was  refluxed  at  90°C.  under  dry,  carbon- 
dioxide- free  nitrogen  in  a constant  temperature  bath 
until  complete  destruction  of  peroxide  was  assured  (32 
hours).  Mechanical  stirring  was  applied,  employing  a 
sealed  stirrer.  The  carbon  dioxide  evolved  during  the 
reaction  was  collected  in  an  Ascarite  tube  and  dry,  car- 
bon-dioxide-free nitrogen  was  employed  to  flush  the 
system  until  the  Ascarite  tube  ceased  to  gain  weight. 

The  amount  of  carbon  dioxide  collected  was  O.6163  grams. 

b . Isolation  of  free  p-chlorobenzoic  acid , 

At  the  end  of  the  reaction  period  the  liquid  mixture  had 
changed  from  colorless  to  light  green  and  a solid  precip- 
itate had  settled  out.  This  was  identified  as  p-chloro- 
benzoic  acid.  Three  portions  of  a 10  percent  aqueous  so- 
lution of  sodium  bicarbonate  vQreused  to  dissolve  the 
precipitate  and  to  extract  any  additional  acidic  com- 
pound dissolved  in  the  mixture.  Extraction  was  continued 
until  no  further  precipitate  was  obtained  on  acidifi- 
cation. The  combined  alkaline  solutions  were  boiled 
to  eliminate  traces  of  si'ioxane,  filtered  and  acidified 
carefully  with  hydrochloric  acid.  The  white  suspension 
of  p-chlorobenzoic  acid  that  resulted  w as  kept  at  0°C. 
for  12  hours,  filtered  and  washed  with  slightly  acidic 
distilled  ’'ater,  dried  and  weighed.  Melting  point  of 
the  p-chlorobenzoic  acid  before  recrystallization  from 
alcoho]  was  238-240 °C,  after  recrystallization  it  was 
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23*f-236°C.  (reported  237-239°C.);  the  neutralization 
1 e<luivalent  156.25  (the  molecular  weight  of  the  mono 
basic  acid  is  156.57).  height  of  the  isolated  acid  was 
i»235  grams. 


c * ^arainatiojL,^  ^OorJ^e_co n t ent_i n t he 

£eAotlqn  fixture . 

The  remaining  liquid  component  (I)  after  removal  of  free 
p-chlorobenzoic  acid  was  repeatedly  washed  with  distilled 
water  and  dried  over  anhydrous  magnesium  sulfate.  A 
sample  of  the  purified  liquid  was  analysed  for  chlorine 
by  the  Microchemical  Laboratories  of  the  Massachusetts 
Institute  of  Technology.  The  amount  of  chlorine  found 
was  0.77  percent  of  the  weight  of  the  samole . 


d.  Hydrolysis  of 

*"  Py^PO^Q^obonzoate  groups  bound  to  • 
to  yield  n-chlorobenzoic  acid.  ~~ 

A sample  of  the  ourified  liquid  (I)  weighing  1.3035  grams 
was  dissolved  in  5 cc  of  absolute  methanol  and  10  cc  of 
^.9  N sodium  methoxide  in  methanol.  The  solution  was 
refluxed  at  90°C.  for  12  hours.  At  the  end  of  this 
period  30  cc, of  distilled  water  was  added  to  the  solution, 
then  1.5  cc.  of  concentrated  sulfuric  acid  and  80  more  cc 
of  distilled  water.  The  mixture  was  extracted  with  four 
50  cc  portions  of  anhydrous  ether  ana  filtered.  The 
extracts  were  combined,  dried  over  anhydrous  magnesium 
sulfate,  the  ether  evaporated  carefully  and  the  resulting 
solid  p-chlorobenzoic  acid  dried  to  constant  weight.  The 
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melting  point  was  240-242°C.  The  ’’eight  of  the  isolated 
acid  was  0.0134  grams i 

e • Isolation  of  polymeric  fractions  from  reaction 
mixture. 

The  remaining  liquid  (I)  was  fractionated  under  vacuum 
by  Hr#  J.  L,  Hecht  of  Yale  University  and  several  poly- 
meric fractions  were  isolated.  Three  significant  fractions 
were  analysed  for  chlorine  by  the  Kicrochemical  Labora- 
tories of  the  Massachusetts  Institute  of  Technology,  and 
the  respective  molecular  weights  were  determined  by  the 
melting  point  depression  technique, 

3,  Analysis  of  experimental  results. 

The  reaction  mixture  consisted  of  92,48  grams  of 

hexamethyl  disiloxane  and  5,566  grams  of  p-chlorobenzoyl 

peroxide  (6.02  percent  by  weight  of  siloxane),  with  a 

ratio  of  one  mole  of  peroxide  to  31.86  moles  of  siloxane. 

At  the  end  of  the  reaction  0,6163  grams  of  carbon  dioxide 

(38,15  percent  of  theoretical)  and  1,235  grams  of  p-chlor- 

obenzoic  acid  (22,045  percent  of  theoretical)  we re 

collected,  according  to  the  following  reactions* 

2k 

a.  (C1C6K4C00)2  »>  2 C1C  d-C00ff 

b,  (C1C'H4C00)2 - 2 C1C6H4  • / 2 C02 


Table  III-F-1  indicates  the  distribution  of  peroxide 
fragments  in  their  different  forms,  as  determined  by 
calculations  based  on  their  chlorine  contents.  Two  sets 


of  product  percentages  were  calculated,  one  based  on  the 
total  chlorine  present  in  the  original  peroxide  and  the 
other  on  the  chlorine  accounted  for,  Reading  from  the 
top  of  the  table,  the  amount  of  chlorine  present  in  the 
p-chlorobenzoyl  peroxide  initially  used  is  recorded; 
then  the  chlorine  attached  to  the  p-chlorobenzoic  acid 
(p-CIBA)  isolated  at  the  end  of  the  reaction  is  reported 
(See  Experimental  part,  paragraph  2 b) . The  amount  of 
chlorine  found  by  analysis  of  the  reaction  mixture  after 
the  removal  of  free  p-chlorobenzoic  acid  follows.  This 
corresponds  to  the  total  aryl  substituents  on  the  siloxane 
chain.  The  nature  and  the  quantitative  distribution  of 
the  above  mentioned  aryl  substituents  (involving  phenyl 
and  benzoate  groups)  on  the  siloxane  chain  is  revealed 
by  the  next  two  lines.  The  chlorine  content  in  the  fourth 
line  is  that  oqui^a.ent  to  the  amount  of  carbon  dioxide 
evolved  through  decarboxylation  of  p-chlorobenzoate 
groups  and  therefore  corresponds  to  the  amount  of 
chlorophenyl  groups  present  in  the  mixture  (See  reaction 
b above)  and  attached  to  the  siloxane;  the  chlorine  value 

f 

in  the  fifth  line  indicates  the  amount  of  halogen  present 
in  the  p-chloro’oenzoic  acid  hydrolyzed  from  the  mixture, 
and  corresponds  to  the  amount  of  hydrolysable  p-chloro- 
benzoate  groups  attached  to  the  siloxane  (See  Exper- 
imental Fart,  paragraph  2d). 


r tAble  iiij-F-i_ 

DISTRIBUTION  OF  CHLORINE  IN  PARTIALLY  VULCANIZED 

1 

HEXAMETHYLDISILGXANB 


Chlorine  present  in  original 
peroxide 


weight  percent  percent 

oased  on  based  on 
grams  ini-  total cfoo- 

tial  chlo-  pine  'aao-  * 
rine  ounted  for 

1.269- - . 100.00 


Chlorine  present  in  free 

isolated  p-Ci_;BA 0.2796. . . .22.03 27.9 

Chlorine  found  in  reaction  mix- 
ture after  removal  of  free 
p-CLBA 0.7620 60.04 


Chlorine  corresponding  to  total 
COp  evolved  in  original 

reaction 0.499 39.32. ...... .49.8 


Chlorine  present  in  chlorobenr 

goate  groups  hydfolyzsd  in* 

second  reaction 0.224 17. 65 22.3 


Chlorine  present  in  substit- 
uents, total 0,723.  ...  .56,97 

Chlorine  unaccounted  for, 

total 0.2664. ..  .20.92 

‘Toer.1T ' 


In  Table  III-F-2  analyses  of  the  polymeric  fractions  ob- 
tained by  fractionation  of  the  reaction  mixture  after 
removal  of  free  p-chlorobenzoic  acid  are  shown,  The 
molecular  weights  were  determined  by  melting  point 
depression  technique  and  the  chlorine  analyses  were  made 
by  the  Parr  bomb  fusion  method. 

The  first  line  of  the  table  shows  the  weight  percent 
of  the  total  isolated  polymeric  fractions  based  on  the 
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weight  of  the  reaction  mixture.  Then  the  analysis  of 
the  first  fraction  follows,  including  molecular  ’.’eight, 
chlorine  content  and  molar  ratio  of  chlorine  to  the 
isolate  fraction.  This  treatment  is  applied  to  the 
other  two  fractions  of  increasing  boiling  point. 

Tj^LE_III-F-2 

MOLECULAR  WEIGHT  OF  PARTIALLY  VULCANIZED 
HEXAMETHYLDISILO:  !ANE 

’/eight  percent  of  polymeric  product  based  on 


reaction  mixture 15.92 

Molecular  weight  of  fraction  1 250 

Chlorine  in  fraction  I,  percent 0.43 

Molar  ratio  of  chlorine  to  fraction  1 0.036 

Molecular  weight  of  fraction  II 855 

Chlorine  in  fraction  II,  percent 4.47 

Molar  ratio  of  chlorine  to  fraction  II 1.08 

Molecular  weight  of  fraction  III 1060 

Chlorine  in  fraction  III,  percent, 7.86 

Molar  ratio  of  chlorine  to  fraction  III 2.34 


It  is  se^ji  that  the  amount  of  polymers  obtained  by 
the  experiment  under  discussion  is  only  15.92  percent 
of  the  weight  of  the  reaction  mixture.  This  loy  value, 
and  the  fact  that  only  one  mole  of  peroxide  was  present 
with  31.86  moles  of  siloxane,  seem  to  indicate  that  the 


predominant  mechanism  of  vulcanization  does  not  proceed 
by  a chain  process,  but  rather  by  a stoichiometric  re- 
action between  ,the  peroxide  fragments  and  the  activated 
siloxane.  Further  evidence  is  found  when  it  is  con- 
sidered that  a large  molar  excess  of  benzoyl  peroxide  is 
necessary  to  bring  about  vulcanization  of  silicone 
elastomers  of  high  molecular  weight. 

Further  examination  of  the  values  reported  in  Table  III-F 
II  reveals  that  the  chlorine  content  increases  with  in- 
creasing molecular  weight;  this  fact  might  indicate  that 
the  substitution  of  ono  halogen  containing  aryl  radical  on 
a mothyl  group  favors  secondary  attack  which  may  result  in 
a oroae  link  and  consequent  formation  of  polymeric  siloxanes. 

G . Discussion 

Reactions  of  acyl  aryl  peroxides  under  the  influence 
of  heat  are  generally  considered  from  the  viewpoint 
free  radical  formation.  In  our  case,  where  p-chloro- 
benzoyl  peroxide  was  studied,  Equation  1 on  page  36  can 
be  broken  dovm  into  the  following  reaction 

(C1C6H4C00)2 2 ClCgH^COO. 

which  is  then  followed  by  the  reaction  of  the  activated 
chlorobenzoate  groups  with  two  adjacent  methyl  side 
chains  of  the  siloxane  molecule,  splitting  off  hydrogens 
to  form  two  molecules  of  chlorobenzoic  acid  and  causing 
the  formation  of  a cross  linkage  between  the  two  methylene 


groups . 


The  free  cnlorobenzoate  radicals  can  also  react  with 

the  siloxane  side  chains  forming  addition  products  and 

liberating.' hydrogen  atoms  (Reaction  3,  page 3$ . It  is 

likely  that  both  types  of  reaction  occur  as  represented 

by  reactions  1 and  3 on  page  36.  Another  possibility  is 

given  by  Reaction  2 on  the  same  page,  -where  carbon 

dioxide  is  liberated,  with  the  formation  of  chlorophenyl 

(9,10) 

addition  products  on  the  siloxane  side  chain  . 

An  examination  of  the  chlorine  contents  of  the  poly- 
meric fractions  shown  in  Table  III-F-2  indicates  that 
substitution  on  the  siloxane  molecule  and  cross-linking 
on  the  same  molecule  are  occurring  simultaneously.  There 
is  a good  indication,  based  on  the  increased  chlorine 
content  of  the  heavier  molecules,  that  cross-linking  is 
encouraged  because  of  the  substitution  of  chlorophenyl 
or  chlorobenzoate  groups.  It  has  been  suggested  that 
the  remaining  hydrogens  on  the  substituted  methyl  group 
become  increasingly  active  and  thus  react  readily  with 
a new  molecule  of  peroxide  forming  a cross-link  through 
the  substituted  group.  This  would  account  for  the 
greater  chlorine  content  of  the  more  highly  crosslinked 
polymers. 

H , Conclusions 

1,  This  work  has  shown  thet  in  addition  to  benzoic 
acid,  which  was  known  to  be  a product  of  the  vulcanization 
of  silicone  rubbers  by  organic  peroxides,  a large  amount 
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of  substitution  of  the  slloxane  molecule  occurs,  m 
fact,  substitution  consumes  70-80  percent  of  the  peroxide 
accounted  for,  ulth  20-30  percent  appearing  in  the  form 
of  free  benzoic  acid. 

2.  Some  of  the  substituted  groups  are  benzoate 
sroups  and  thus  are  a source  of  carbon  dioxide  which 
undoubtedly  escapes  during  the  oven  curing  of  the  rubber. 

3.  Substitution  and  cross-linking  occur  simultaneously 

in  the  sane  molecule  and  are  probably  related  since  more 

substitution  occurred  in  the  more  highly  cross  linked 
molecules . 
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IV.  MECHANISM  OF  VULCANIZATION  OF  SILICONE  RUBBER 

A.  Statement  of  the  Problem 

It  has  been  shown  in  Progress  Report  No. 10  (page  6l)  that  benzoyl 
peroxide  decomposes  in  a solvent  alone  or  in  solvent  solution  of 
silicone  rubber  to  yield  about  20  percent  of  benzoic  acid  and  various 
other  by-products  not  readily  identified.  In  the  previous  section; 
it  was.,  found  that  20  to  30  percent  of  the  peroxide  decomposes  to 
form  benzoic  acid  and  the  balance  forms  substitution  products  on  the 
side  methyl  groups  of  the  siloxanes.  It  was  found,  in  Report  No.  11, 
page  9,  that  at  concentrations  below  2 percent  of  benzoyl  peroxide  in 
the  rubber  the  effectiveness  of  the  cross-linking  reaction  was  $0 
percent  or  more.  This  calculation  was  based  on  the  formation  of  one 
cross-link  per  benzoyl  peroxide  molecule.  It  was  of  interest  to  see 
if  the  amount  of  benzoic  acid  by-product  produced  in  the  rubber 
during  press  curing  was  different  from  that  produced  in  solution, 

B.  Results 

1.  The  amount  of  benzoic  acid  formed  is  governed  by  the  amount  of 
benzoyl  peroxide  present.  At  initial  concentrations  of  6 percent  or 
less  only  1*  to  10  percent  of  the  benzoyl  peroxide  appeared  as  benzoic 
acid.  This  is  much  less  than  was  found  in  experiments  involving  the 
reaction  with  silicone  oils.  With  8 percent  of  benzoyl  peroxide 
added,  27  percent  of  it  was  tranformed  to  benzoic  acid. 


Amount  B.P. 

Amount  B.A. 

Amount  B 

Present 

Found 

Found  ** 

2 percent 

*l2t>  percent 

* 6.3 

h " 

.21*2  " 

6.05 

6 « 

.1*1*2  " 

7.37 

8 " 

2.168  « 

27.06 

# percent  based  on  100  ports  of  rubber 
**  * » * B.P. 
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2,  There  is  no  systematic  variation  in  amount  of  benzoic  acid  found  as 
time  and  tenrperature  are  varied  from  5 minutes  below  212°F.  to  10  minutes 
at  300°F. 

5 

3.  Peroxide  decomposition  is  65  percent  complete  at  all  curing  conditions 
more  severe  than  a 10  minute  rise  to  250°F.  plus  5 minutes  at  250°F# 
Excellent  cures  were  obtained  with  only  hU  percent  decomposition  of  the 
peroxide  with  a 10  minute  rise  to  250°F.  followed  by  cooling  to  room 

• » 

temperature.  Excellent  cures  were  obtained  with  a 5 minute  rise  to  212  F* 
plus  10  minutes  at  212°F.  with  only  Ul  percent  decomposition  of  the 
peroxide.  There  seems  to  be  no  justification  for  curing  longer  or  at  a 
higher  tenperature. 

Introduction 

Methods  were  devised  for  removal  from  the  cured  slab  and  determination  of 
(a)  residual  peroxide  and  (b)  free  benzoic  acid.  These  determinations  were 
made  on  a series  of  slabs  containing  various  percentages  of  benzoyl  peroxidd 
and  cured  for  various  times  and  temperatures. 

Experimental  Part 

Sixteen  slabs  were  compounded  using  G.E.  SE-76  gum,  pre-heated  Santo cel  C 
and  varying  percents  of  benzoyl  peroxide,  and  given  varying  press  cures. 

The  cures  ranged  from  five  minutes  rise  to  212°F,  to  fifteen  minutes  rise 
to  300°F.  plus  ten  minutes  at  300°F.  The  press  cured  slabs  were  analyzed 
before  oven  curing  for  1 hear  at  30J°F.  A portion  of  each  slab  was  cut 
into  small  pieces  and  refluxed  with  methanol  to  extract  unreacted 
peroxide  and  benzoic  acid.  The  peroxide  was  determined  iodometrically 
and  t*V3  benzoic  acid  electrichemically. 
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1.  Determination  of  a.  calibration  curve  for  benzoic  acid 
k method  for  the  determination  of  benzoic  acid  in  the 
extraction  medium  methanol  was  first  established.  A standard 
indicator  end-point  titration  could  not  be  used,  so  a potentio- 
metric  titration  was  employed,  k standard  was  determin 
measuring  the  pH  of  prepared  concentrations  of  benzoic  acid, 
and  the  e xperiraental  amounts  were  found  from  the  r esultipg 
calibration  curve. 

k 0»%  solution  of  benzoic  acid  was  prepared  by  dissolving 
6.1  g,  of  dry  benzoic  acid  in  500  ml.  of  methanol.  A series 
of  dilutions  was  made  by  pipetting  samples  from  the  s tock  0.1N 
solution,  diluting  to  the  desired  concentration  and  measuring 
the  pH  for  each  solution.  The  pH  versus  concentration  was 
plotted  on  semi-logarithmic  paper  and  gave  a straight  line. 

A check  was  made  on  the  points  by  preparing  an  exactly  .02^ 
solution  of  benzoic  acid,  measuring  the  pH,  and  determining 
concentration  on  t he  curve.  Accuracy  was  within  0.5  percent. 

2 . lietermination  of  the  acidity  extracted  from  Santocel-C 
In  previous  work  it  was  determined  that  Santocel-C 
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is  an  acidic  pigment.  To  determine  whether  the  filler 
contributed  any  acidity  to  the  extraction  solution, 
three  experiments  were  run  by  refluxing  **,39  g.  of 
Santocel-C  (the  amount  used  in  the  compounding)  with 
300  ml,  of  methanol  for  two  hours.  The  acidity  of  the 
extract  was  measured  with  caustic,  and  found  to  be 
negligible. 

3.  Extraction  of  benzoyl  peroxide  and  benzoic  acid 
frog,  silicone  rubber  slabs  havirj  varying  amounts  of 
benzoyl  peroxide  and  varying  press  cures. 

The  slab  to  be  extracted  was  cut  into  small  pieces 
and  refluxed  with  3Q0  ml.  of  methanol  until  the  maximum 
amount  of  benzoyl  peroxide  was  found.  The  peroxide 
was  determined  by  pipetting  a sample  from  the  reaction 
flask,  adding  an  excess  of  Hal  and  1 cc.  of  acetic  acid, 
heating  to  the  boiling  point,  and  titrating  with  sodium 
thiosulfate.  Another  saruple  ”as  pipetted  from  the 
reaction  flask  and  a pH  measurement  taken,  and  the 
benzoic  acid  concentration  was  read  from  the  pH  calibra- 
tion curve.  As  explained  previously,  the  valu*.  - found 
at  the  point  of  maximum  peroxide  concentration  were 
the  values  used, as  further  extraction  resulted  in  the 
thermal  decomposition  of  the  peroxide  and  the  subsequent 
increase  in  the  benzoic  acid. 

E.  Dis.ciws.ion 

The  amount  of  benzoyl  peroxide  decomposed  during 
press  cures  at  various  times  and  temperatures  was 
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DECOMPOSITION  OF  BENZOYL  PEROXIDE  VS.  PRESS  CURE 

A 10  RISE  TO  200*E+K)'®200‘E 
B 5 RISE  TO  212  *f  * 15’ @ 2 I2*F 
C 10  RISE  TO  230*F+ I5'@  230*E 
D 10’  RISE  TO  250*1;  ♦ I5'@  250*F 


CONNECTICUT  HARO  RUBBER  COMPANY 
U.3.  GOVT  CONTRACT  OA-44  - 109 -QM  - 64 


0 PEROXIDE  DECOMPOSITION 

□ IfNZOIC  ACID  YIELD 

*J  FROM  OEG.  PEROXIDE 
BENZOIC  ACID  YIEU) 
FROM  TOTAL  PEROXIDE 
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found  to  increase  with  time  and  the  temperature*  The 
peak  of  decomposition  wa3  reached  at  a press  cure  of 
ten  minutes  rise  to  250°F.  plus  fifteen  minutes  at 
250°.?*  (See  Table  IV*»A-1  and  Figure  IV-A.-1.  ) 

While  most  of  the  study  wa^  confined  to  four  percent 

concentration  of  benzoyl  peroxide,  some  tests  were  maae 

* •• 

with  2,  6,  and  8 percent*  It  was  interesting  to  note 
that  these  flatter  concentrations  gave  poorer  physical 
test  results.  It  appears  that  a peroxide  concentration 
greater  than  four  results  in  a waste  of  curing  agent. 

The  theoretical  yield  of  benzoic  acid  was  calculated 
from  the  known  amount  of  banzoyl  peroxide  compounded  into 
the  slab*  With  this  calculated  yield  and  the  amount  of 
benzoic  acid  found  experimentally,  the  percent  yield  of 
benzoic  acid  was  determined.  Except  for  the  slabs 
precis  cured  in  the  lowest  range  of  time  and  temperature, 
this  percent  yield  wa3  low. 

As  shown  under  Results,  the  amount  of  benzoic  acid 
formed  is  a function  principally  of  the  amount  of  benzoyl 
peroxide  present.  Time  and  temperature  play  little  part 
except  that  a larger  proportion  of  the  early  decomposition 
of  benzoyl  peroxide  goes  to  benzoic  acia*  With  8 percent 
of  benzoyl  peroxide  present  initially  a larger  proportion 
was  transformed  to  benzoic  acid  also* 

There  seems  to  be  no  reason  for  long  or  high  temp- 
erature press  cures  since  good  physical  tests  were 
obtained  with  short  cures,  even  though  the  banzoyl 
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cure  BP  found  BP  from  dec.  from  total  p.s.i.  % Shore  A 

o.Cpd.  j»BP  Press  Cura  gins.  gms,  gms,  % BP.  BP.  Oven  cured  1 hr.®  300^* 
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TABLE  IV  A-2 

OVEN  CURING  WITH  VARYING  PRESS  CURES 
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Press  cure 

Oven  cure 

Tensile 

p.s .i. 

Elongation 
per  cent 

Hardness 
Shore  A 

10*  rise  to 
200°F.  plus 
10'  @ 200°F, 

1 

hr.  C 300°F. 

580 

1 

1 

» 

IPs 

& T 

56 

Same 

24 

hrs . Q 400°F. 

473 

100 

6 5 

5'  rise  to 
212°F.  plus 
30'  © 212°F . 

1 

hr.  @ 300°F. 

743 

275 

46 

Same 

24 

hrs . Q 400°F, 

361 

12  5 

62 

10*  rise  to 
230°F.  ulus 
15'  @ 230°F. 

1 

hr.  @ 300°F. 

534 

212 

55 

Same- 

24 

hrs.  Q 400°F . 

481 

175 

60 

10 1 rise  to 
250°F.  plus 

15'  @ 250°F. 

1 

hr  . <2  300°F. 

718 

213 

57 

Same 

24 

hrs.  © 400°F. 

392 

100 

60 
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or  more • Yet  data  reported  here  indicate  benzoic  acid 


formation  occult  with  an  efficiency  of  20  percent  or 
less.  Thus  it  would  seem  that  cross  links  must  be 
formed  from  some  reaction  other  than  No.  1 on  Page  36. 
what  this  reaction  may  be  is  not  known  to  us  at  this 
time.  It  would  be  interesting  to  study  further  the 
extraction  of  benzoic  acid* from  pure  silicone 
vulcanizates  (uncompounded)  and  to  determine  the 
number  of  cross  links  on  the  same  samples  using  the 
swelling  technique  used  by  Hauser  in  Report  No#ll. 

The  data  are  shown  in  Table  IV-A-1 • 

Table  IV-A-2  shows  the  oven  cure  obtained  in  24  hours 
at  400°F.  Slabs  with  the  least  press  cure  actually 
gave  the  highest  hardness  after  oven  curing.  This 
is  probably  caused  by  depolymerization  under  the  . 
influence  of  benzoic  acid  vdiile  the  slabs  were 
still  in  the  press. 
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